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PREFACE TO THE FIFTH EDITION. 



Since the publication of the First Edition of this work the 
Author has been employed on various foreiga stations, and 
in his absence the Publishers have found it necessary to 
issue three large reprints to meet the constant demand 
for the book. Recently the opportunity has occurred 
to thoroughly revise the work, and in this edition much 
additional matter has been inserted ; partly concerning the 
changes brought about by the successful adoption of Water- 
Tube Boilers and higher Steam Pressures, and partly on the 
subject of " repairs " and engine adjustments, concerning 
which more definite information has been given, accom- 
panied by an increased number of illustrations. 

Wherever the information was available, the Author has 
revised the descriptions given of Auxiliary Machinery, 
substituting or adding later types of the various classes. 

The Article on "The Management of Water -Tube 
Boilers " has been kindly re- written by Engineer-Captain 
R. W. Edwards, R.N.; and the Instructions for working 
the various types, issued by the Lords of the Admiralty, 
have been included for the convenience of those who may 
desire to refer to or compare them. 

Malta, April, 1906. 



PKEFACE TO FIRST EDITION. 



The work of collecting and arranging the "practice" 
detailed in the following pages was undertaken by the 
Author in consequence of a proposal by Messrs. Griffin, 
the Publishers. It is hoped that an account of the nature 
and methods of the work of a marine engineer will be 
useful to young engineers, who are preparing for, or 
entering on, their career, and also perhaps to those other 
officers whose work and responsibilities are so intimately 
connected with the machinery of a modem steamship. 



VI PREFACE. 

The Author realises that the *' practice " described in this 
book will not be that which is in use in every case. It is, 
perhaps, unnecessary to disclaim any pretence of superiority 
for the methods described ; they are merely those which 
have been successfully used in certain instances. The 
general lines of the book were laid down to avoid, as far as 
possible, the subjects fully treated in the standard work 
written by Mr. Seaton* It is hoped that the greater 
space which can be allowed in this work for the descrip- 
tion of methods of " Care and Maintenance," and of repairs, 
will make it a useful supplement to the book mentioned. 

Whenever it is not otherwise stated in the text, the 
methods of treatment applied to the Main Engines and 
Boilers have been used in vessels of the Royal Navy. 
The regulations and instructions for Naval Engineers are 
laid down in the official Steam Manual; and this volume 
is referred to frequently by the letters S.M,; it is hoped 
that everything that follows will be found in accordance 
with the oflBcial orders given therein. 

Illustrations of special types of machinery made by cer- 
tain firms are given, and the Author again thanks those 
firms for their help. It would require much more than the 
space available to describe every pattern of such types, 
and the Author has, therefore, selected those of which 
he had most experience. The instructions given for the 
working of these special machines have been compared 
with those issued by the makers. 

In conclusion, the Author desires to express his thanks 
for, and appreciation of, the information and criticism given 
him by those engineers to whom he has applied for the 
results of their experience ; and he especially congratulates 
himself on the co-operation of several officers of the R.N.R. ; 
to which co-operation he is indebted for the Chapter deal- 
ing with the conditions of service in leading steamship lines. 
Such assistance has been, in all cases, given with great 
goodwill, and the Author feels that without similar help a 
book on the subject would be of small value. 

Gbeenwigh, Marchy 1899. 

* See A Mamud of Marine Engintering, by A. E. Seaton ; published 
by Messrs. Charles Griffin & Co. , Ltd. 
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CHAPTER I. 
GENERAL DESCRIPTION OF MARINE MACHINERY. 

Thb machinery on board ship consists, firstly, of the motor 
machinery, fitted for propulsion only, and comprising the main 
engines, together with such necessary supplementary engines 
as the air pumps, circulating pumps, and main feed pumps. 
These supplementary pumps generally have independent engines 
driven by steam taken from the steam pipe supplying the main 
engines. Formerly, the functions of these separate engines 
were performed by the main engines themselves ; but for some 
time the tendency afloat has been to relieve the main engines 
of all duties except the single one of propulsion. An exception 
must be made in the case of the air pump, which is frequently 
actuated by a rocking beam from one of the main engine cross- 
heads ; in the American Kavy the air pump is independent. 

Secondly, there are the various auxiliary engines, which are 
of two classes : — (a) Those fitted to perform various operations 
formerly effected by manual labour. To this class belong — ^the 
steering engine, the capstan engine, the boat-hoist engine, and 
the winches; the starting engine, the ash hoists, and various 
others common to the mercantile fleet and warships alike, (h) 
Those fitted for sf)ecial purposes, according to the character of 
the ship itself, and due to the advance of Engineering Science. 
To this class belong the hydraulic and torpedo machinery of 
warships; and the electric light, refrigerating, and distilling 
machinery, common also to the Mercantile Marine. 

Main Engines. —The almost universal type of main engines 
fitted in recent practice is the vertical, inverted direct-acting ; 
the cylinders Are, generally, vertically above the crank shaft 
and home on columns, the feet of which are secured to the 
transverse engine brackets carrying the crank-shaft bearings. 
These brackets are often connected by longitudinal frames, of 
a box or I section. The back and front columns are also some- 
times further secured together by transverse rods ; especially 
is this the practice in light machinery, developing high power 
by means of a short stroke and a high number of revolutions. 
The longitudinal frames and the transverse brackets are secured 

1 



2 ENGINE-ROOM PRACnCB. 

to a box framing of plates and angle bars, built up from the 
main framing of the ship's structure. 

The cylinders of the main engines are separate castings, 
secured together by massive bars running longitudinally; and, 
in the case of a twin-screw ship, the corresponding port and 
starboard cylinders are, in many instances, connected athwart- 
ships by stays adapted to act as ties or struts. These stays are 
attached to the mid line bulkhead, which is, as a rule, specially 
stiffened for this reason. In some warships a strong plate 
bracket is fitted between the forward end of the engines and the 
forward engine-room bulkhead ; and, in addition, wire rope ties 
are secured from the after end of the engines to the after bulk- 
head. These ties are invariably fitted in cruisers and battleships 
of the English Navy. 

The advantages of this type of engine are : — 

!• The working surfaces are clearly in view and easy of access 
for adjustments or removal, 

2. The engines require less floor area than the horizontal 
type, and the overhead space is utilised; a longer stroke can 
be obtained. 

3. The wear and tear of the guide surfaces and piston liners 
is smaller than in the horizontal type; this is especially im* 
portant, since to get at a piston ring involves considerable time 
and labour, whilst smooth working cannot be obtained with the 
engines out of line. It is due principally to the improved 
running of the vertical inverted type of engine that the piston 
speed of marine engines has been increased, and that such 
engines as those of the torpedo boat destroyers have been 
rendered possible. 

Propulsion. — Steamships which relied mainly on their 
sailing powers were generally fitted with a single screw, in 
.order to reduce the resistance ; many merchant service vessels 
have only a single screw, for reasons involving simplicity and 
first outlay. Most of the vessels of the Royal Kavy and 
modem fast ^' liners " are propelled by twin screws ; the main 
engines are then placed to port and starboard, respectively, in 
separate engine-rooms divided by a longitudinal bulkhead. For- 
merly the screws turned outwards when going ahead, so that the 
starboard propeller was right-handed,'*^ and the port one leit- 
handed ; with this arrangement the front of the engines and 
the starting platforms are on the wing side of the cylinders. 
Recently this practice has been reversed in the engines of 
H.M.S. "Terrible," "Powerful," and other vessels, and the 
propeUers have been fitted to turn inwards, so that the port 

*A propeller is said to be right-handed when, viewed from aft, it 
revolves clockwise for ahead motion. 



GENERAL DESCRIPTION OF MARINE MACHINERY. 8 

propeller is right-handed and the starboard one left-handed; 
it follows that the front of the engines and the starting 
platforms are on the midship side of the cylinders, and, there- 
fore, nearer together. This arrangement is convenient for the 
engineer of the watch, who, from the water-tight door in the 
middle line bulkhead, can see nearly all the working parts of 
both engines, and can more easily supervise the manoeuvring 
of the engines when starting and stopping. It is claimed that 
the arrangement produces an increased propulsive efficiency. 

The advantages of propulsion by twin screws, as compared 
with single-screw propulsion, are summed up as follows :— 

1. The ship has far greater manoeuvring power. 

2. The ship can proceed with one set of engines, at a speed 
approaching three-fourths of full speed, in the event of the other 
set being disabled. 

3. The arrangement lends itself to the subdivision of the 
engine-room space into water-tight compartments. 

4. The propulsive efficiency of twin screws is greater than 
that of a single screw ; because, generally, the augmentation of 
resistance due to the two propellers is not so great (White's 
Naval Architecture^ pp. 545 and 547) as that due to the single 
propeller. 

5. The moving parts of the machinery, including the propeller, 
are of less size and weight, and the processes of manufacture are 
facilitated. 

Triple screws* have been fitted in the United States 
cruisers " Columbia " and " Minneapolis.'* The latter is of 8005 

*In 1897, the Hon. C. Parsons* adopted three shafts — each carrying 
three screw propellers and driven by a separate steam turbine to pro- 
pel his experimental boat, the '^Turbinia," which, although only 00 fe^t 
in length, attained a mean speed of 31 knots. The I.H.P. of the three 
turbines was 2100, and the shafts revolved at 2200 revolutions per minute; 
the consumption of steam was 15*86 lbs. per I.H.P. hour. The displace- 
ment of the vessel is 44^ tons. These steam turbines are driven by the 
reaction or impulse of jets of steam which are directed against the moving 
vanes by alternate rows of fixed vanes. During the passage of the steam 
through the moving vanes, the peripheral velocity is altered, and the altera- 
tion of the peripheral moment of momentum measures the turning moment 
about the axis of the turbine. The heat energy of the steam may be assumed 
as transformed into kinetic energy to such a degree that the initial pressure 
of 200 lbs. is reduced to a pressure 1 .3^ lbs. below atmospheric, at the exhaust. 
The adiabatio law of expansion may be assumed to determine the wetness 
at any point of the process. The three turbines are compounded so that 
the expansion is divided into three distinct stages. It was found necessary 
to make use of so many as three propellers on each of three shafts, in order 
to reduce the thrust per unit of blade area and thereby avoid the losses 
due to " cavitation "t of the water in front of the blades. 

• Proceedings qf Inst. €if Naval ArchUeete, April 8, 1897. ^ „ . iwf w.^^.- .. k* 

^ Proeeedingeoif Imi. qfCivU Bngineert, toL cxxii., "Torpedo Boat Dostroyeri,' by 
J, I. Ihomycroft. 
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tons displacement and 20,860 I.H.F., and attained a speed of 
23 knots over a course of 87*7 nautical miles. Commodore 
Melville, Engineer-in-Chief, United States Navy, compares the 
performance with that of the twin-screw ships "New York" and 
" Oljmpia," and states that the efficiency of propulsion is 67*72 
per cent, for the triple-screw ship, and 60*69 and 56*73 for the 
latter two respectively. The triple screws were adopted for 
practical considerations of economy, as it was intended to use 
the centre screw alone at low powers, the side screws being cast 
free to revolve. The anticipated increase of efficiency has not, 
however, been realised in practice.*^ 

l?he "Tripoli" of the Italian Navy and the "Kaiserin Augusta" 
of the German Navy also have triple screws. 

General Arrangement of the Machinery. — An example of 
the plan adopted in the engine-rooms of a twin-screw vessel is 
shown in the illustrations of H.MS. "Powerful," which are 
copied from those given in Engineering of October 2, 1896. 

In each engine-room there are, in addition to the main engines, 
the main condenser, with its independent circulating pump on 
the forward bulkhead (Plate I., Fig. 2); the auxiliary condenser 
with 1500 square feet of surface, with its air and circulating 
pump near it (Pig. 2); the hot-well feed pump alongside the feed 
tank and the hot well, which two receptacles are built into the 
ship, while a feed filter is placed against the longitudinal bulk- 
head on an upper platform (Fig. 2). There are three main feed 
engines on the starting platform (Figs. 1 and 2); two fire and 
bilge pumps also close to the longitudinal bulkhead (Fig. 2). On 
the after bulkhead in each engine-room is a two-crank steering 
engine, so arranged that by means of a friction clutch the one 
may be disconnected if disabled and the other thrown into gear. 
The whole of the steering gear is under the protective deck. On 
the forward bulkhead alongside the three stop valves there is a 
steam separator (Fig. 2). There is therefore a very extensive 
CO lection of machinery in the limited space. The compactness 
of the arrangement renders every part accessible. 

♦Su- William White {Proc, Inst. C.E., vol. civ., p. 49) states that "the 
advantage as regards propulsive efficiency is still with twin screws as compared 
with triple ; and that, in spite of the strong advocacy of Admiral Melville, twin 
screws have been preferred to triple for later American battleships and cruisers 
up to 25,000 LHJP. Of course, with three shafts and engines, the manufac- 
turing difficulties are less than with two. This was avowedly the reason why 
the two American cruisers were built with triple screws." Sir William White 
continues: — "It is reasonable to suppose that, as higher speeds are attained and 
larger powers have to be utilised, smce the limits of draught of ocean-going 
steamers are fixed bv practical considerations, triple screws may become neces- 
sary to efficiency. Tnis anticipation I stated ten 3^ears ag[o, and, in my judgment, 
that point has been reached, and the use of turbine engines and higher rates of 
revolution will also render desirable the use of three or tour i^afts, although the 
diameter of screws will be made relatively smaller." 
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In the auxiliary machinery room there is the electric lighting 
plant. Here are two ot Messrs. Allen <& Oo.'s vertical engines, 
with cylinders 10 ins. and 17 ins. in diameter by 10-in. stroke, 
coupled to dynamos which, running at 300 revolutions, develop 
600 amperes at 80 volts. There is a third dynamo on the upper 
deck, the total number of lights being 1000, with six search 
projectors. There are also four Normandy evaporators. 
These were illustrated in detail in Engineering, vol. Ix., p. 12. 
There are also two distilling condensers and two steam pumps, 
divided into two complete and independent sets of machinery 
of equal power, working compound with great economy of 
boiler steam consumption. Each of the four evaporators 
may, however, be worked separately when so desired. Auto- 
matic feed and steam regulators are fitted so as to prevent 
the possibility of salting up, and the evaporating surfaces are 
capable of being easily removed for cleaning. The evaporators 
are capable of producing from sea water per twenty-four hours 
the total quantity of 120 tons (26,880 gallons) of fresh water, 
2«5 tons thereof (5600 gallons) being condensed in the distilling 
condensers for drinking purposes, the remainder in the ship's 
condensers for boiler feed. 

The workshop is on the main deck (Plate I., Fig. 1). 

General Arrangement of Aiixiliary Machinery. — The 
modem type of main feed pump with a slow, long, and auto- 
matically regulated stroke is so certain in its action that no 
inconvenience is caused to the boiler attendants when it is 
placed in the engine-rooms, where it is out of the coal dust. 
The auxiliary feed pumps are fitted in the stokehold, and, if of 
the type containing a crank shaft, they require constant adjust- 
ment and cleaning, owing to the injurious efiect of the dirt and 
ashes on the working surfaces. It is a great convenience when 
the dynamo engines are placed in the main engine-rooms where 
the engineer on watch can supervise them. (In this connection 
see the chapter on Merchant Service JRoutine,) If fitted in a 
separate compartment they require independent watch-keepers 
who, in a small ship, can generally ill be spared from the main 
machinery. 

In the stokeholds, besides the boilers, will be found the 
auxiliary feed pumps, the fans for supplying air to the fires, the 
ash-hoist engines, and perhaps an additional ventilating fan ; in 
the case of a Belleville installation, an air-blowing engine also. 

The capstan engine and steering engine are often placed at 
the ends of the ship, near the capstan and rudder respectively ; 
the Admiralty practice of late is to place the steering engine 
in the engine-room. The boat-hoist engine and winches are on 
the upper deck in such a position that the attendants can easily 
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see and obey the signals made by the officer hoisting boats of 
cargo. 

Hydraolic-pmnping engines are fitted in large battleships. 
They are generally in duplicate compartments, forward and aft, 
situated below the armour deck. The compartments containing 
the Whitehead torpedoes, air compressors, and dynamos are also 
located below the armour deck, and are dependent on artificial 
illumination and ventilation. 

Spare Gear. — A considerable quantity of spare gear is carried 
for main and auxiliary engines; it is generally bolted to the 
bulkheads in positions as close to the engines as possible. For 
a list see the chapter on AdjuBtments, 

The auxiliary engines will be treated in detail later. The 
most common type is that of the vertical inverted-cylinder, 
direct-acting engine. The larger engines are generally com- 
pound, and the smaller ones simple engines. The steam is 
supplied by means of an auxiliary steam pipe connected to one 
or all of the boilers, and the full boiler pressure may be used or 
a lower pressure obtained by means of reducing valves, as in the 
case of steering and capstan engines. The auxiliary engines of 
a ship are collectively of considerable horse-power, as shown by 
the estimate in Table I. ; unfortunately, they are extremely 
uneconomical, for two principal reasons : Firstly, the auxiliary 
steam pipe is long, and, as a consequence, some wet steam is 
supplied, so that the action of the cylinder sides is intensified; 
secondly, the simple- or double-expansion engines cannot effect 
a rate of expansion sufficient to utilise the full boiler pressure. 
Trials carried out by the United States Navy Department 
showed that the average power developed by the auxiliary 
machinery varied from 2^ to 2|- per cent, of the main engines, 
whilst the coal required was from 12 to 15 per cent, of the total 
consumption, indicating that about 100 lbs. of steam is required 
per H.P. hour by the auxiliary machinery. 

The exhaust steam from the auxiliary engines of a large ship 
is generally led to a separate auxiliary condenser. The plan has 
the great advantage that the vacuum in the main condensers is 
not afiected by air leaks through the auxiliary engine drains, or 
in the auxiliary exhaust pipes; also that the exhaust steam 
from the auxiliary engines is condensed and returned to the 
boilers when the main engines are not in use. In small twin- 
screw ships the auxiliary exhaust pipe is generally fitted to 
communicate with either of the main condensers. Observation 
shows that the vacuum in the main condenser used for the 
auxiliary steam is reduced by about 2 ins. after every precaution 
has been taken to prevent air leaks. 
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The use of feed heaters is increasing. They may be called 
condensers, in which the feed water condenses the exhaust 
steam from the auxiliary engines and is thereby heated and 
delivered to the boiler at a high temperature. The results 
obtained in the s.s. " Inchmona," referred to later (p. 69), show 
the great advantages to be derived from a combined system of 
feed heating and steam superheating. 

AUXILIARY HAOHINERY. 

The number of auxiliary engines in a modem ship is con- 
siderable, more particularly in large battleships. The following 
list includes the most important of the auxiliary engines of 
H.M.S. ^irresistible":— 



4 Oircnlatiiig pumps. 
4 Fire and bilge engines. 

3 Air blowers for furnaces. 
10 Fans for furnace draught. 

2 Fans for ventilation. 

1 Capstan engine. 

2 Steering engines. 

4 Air-compressing engines. 

2 Hydraulic-pumping engines. 

1 Auxiliary nydraulic • pumping 

engine. 
4 Barbette-turning engines. 

3 Dynamo engines. 

2 Boat-hoist eng^ines. 
2 Coal-hoist engines. 
2 Hot-well pumps. 



6 Ash-hoist engines. 
3 Main feed pumps. 

3 Auxiliary feed pumps. 

2 Auxiliary circulating engines. 
2 Auxiliary air pumps. 

1 Drain- tank pump. 

2 Distiller pumps, &c. 
2 Evaporator pumps. 
2 Turning engmes. 

1 Workshop engine. 

2 Starting and reversing engines. 
2 Refrigerating engines. 

4 Hyd. motors for chain rammers. 

4 Hyd. motors for ammunition hoists. 
4 Hyd. hoists for transporting am- 
munition. 



Also the propelling and auxiliary engines of three steam boats, 
the machinery of the Whitehead torpedoes, and various motors 
worked by water pressure and electricity. 

The progress of marine engineering with respect to the 
type of engine and boiler, the boiler pressure, piston speed, and 
indicated horse- power is related in a most instructive paper read 
by Sir Albert J. Durston, K.O.B., and Mr. Milton before the 
Institute of Naval Architects in July, 1897, and the reader is 
referred to that source for further information. The following 
three tables have been abstracted as especially interesting. 

The gradual increase of the boiler pressure in the naval vessels 
from 22 lbs. per square inch in H.M.S. "Warrior" completed in 
1861, up to the pressure of 220 lbs. in use in the " Quail," can 
be traced in Table I. A further increase to 300 lbs. per square 
inch has since been adopted for certain designs, the steam 
pressure being reduced to 250 lbs. at the engines by means of a 
reducing valve. The most notable feature in recent Admiralty 
practice is the successful adoption of water-tube boilers. Those 
in use at present may be divided into two types*: — 
* See The SupplemerU to the Steam MamuU, p. 20. 
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I.— Tablk of somb Repbesbntative Ships of the British Navi?, 



Name of Ship. 


Date of 
Trial. 


Details of Engines. 


S 

s 
s 

1 

•B 

a 
o 
S 

a 

J 
& 


Piston Speed, 
Feet per Minute. 


Total I.H.P. 


4 

fig 

a 




• 

o 
22 


Type. 


Diameter of 

Cylinders 
in Inched. 


Stroke in Feet and 
Inches. 


Warrior, . 


October, 
1801. 


r Single screw, 'j 
jet condensing, 
simple horizontal, 

i. trunk. 


2 of 112 


4 


54-2 


484 


6,486 






Twin screw, 'j 
















Devastation, . 


October, 
1872. 


surface condensing, 
simple horizontal, 
I trunk. 


4 of 80 


8 8 


76-9 


530 


6,662 





30 


Inflexible, 


November, 
1878. 


/■Twin screw, -v 
< surface condensing, V 
^ compound, vertical J 


2 of 70 
4„90 


4 


73-8 


686 


8,483 





61 


Sanspareil, 


September, 
1888. 


r Twin screw, 
J surface condensing, 
1 triple expansion, 
i. vertical, 


2 of 43 
2„62 
2„96 


4 3 


100-7 


866 


14,483 


2 


135 


Prince George, 


September, 
1896. 


»» >f 1 


2 Of 40 
2„ 59 
2„ 88 


4 3 


101-8 


865 


12,280 


1-25 


155 


Terrible, . 


January, 
1897. 


M t» "{ 


2 of 45 
2„ 70 
4„76 


4 


1120 


896 


25,648 





260 


Ferret, . 


October, 
1894. 


f 

»» »» "i 


2 of 19 
2 „ 29 
2 „ 43 


1 6 


360-1 


1080 


4,474 


4-1 


176 


Janus, 


November, 
1896. 


t» tl "{ 


2 of 18 
2 „ 27J 
2 „ 42 


1 6 


367-1 


1101 


8,789 


2-5 


210 


Desperate, 


September, 
1896. 


tl M Ik 


2 of 20 
2,. 29 
4„ 30 


1 6 


897-6 


1194 


6.796 


3-6 


215 


Quail, 


January, 
1897. 


»» »» "j 


2 of 21 
2 „ 32J 

2„48 


1 6 


367-2 


1102 


6,057 


4-8 


220 


Diadem, . 


January, 
1898. 


»i n 1 


2 of 34 
2 „ 55i 
4„ 64 


4 


119-0 
107-6 


952 


17,188 
12,776 






300 
280 


*Kent, 


December, 
1902. 


f\ 2 Of 37 

tl i> ■[ 2 „ 60 

I 4„ 69 


8 6 


141-6 


9912 


22,269 


0-8 


278 


*Erae, T.B.D., . 


December, 
1903. 


f 2 of 20 

>i t» ■{ 2 „ 31 

I 2 „ 48 


1 74 


350-0 


1137 5 


6,971 


2-5 


248 


''King Edward 1 
VII., f 


• • 


r 2 of 88 
» i> -[ 2 „ 60 

Ij 4„ t7 


4 


116-5 


932 


18,130 


0-8 
0-55 


200 


*Sentinel, . 


• • 


r 2 of 32-5 
tl >i i 2 „ 52 
^ 4 „ 61 


2 6 


205-0 


1024 


17,500 


2-73 


252 



• Added to Table, 1905. 
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KMBODTINO THE ADVANCED PbACTIOE AT THE TiMB THEY WERE DESIGNED. 



1 


t 

p 

6* 


o 


(Tons) Weight of 


I.H.P. per Ton of 


1 • 


Number and 
Description of Boiiers. 

• 


3 

& 
1 

& 


Approximate I.H.F 
Auxiliary Enginei 


Machinery, 
Boilers, and Water 

at 
Working Height. 


Main and 
Auxiliary Engines. 


Boilers and Water 

at 
Working Height. 


Water in Boilers 

at 
Working Height. 


i 


• 

1 


1 

1 


Lhs. of Coal 
per I.H.P. 
per Hour. 


Rectangular iroD, ) 
10 in number. ) 


8 


SCO 


898-2 


421-6 


476 6 


171-7 


12-97 


11-47 


31-87 


8-75 to 6 


Rectangular iron, ) 
8 in number. / 


16 


880 


971-9 


484*2 


487-7 


125-8 


13-73 


13-64 


62-87 


8 12 to 4 42 


Oval, single- and ) 
double-ended, > 
12 in number, j 


82 


1400 


1866-4 


654-2 


712-2 


187-38 


12^ 


11-9 


46-27 


2-38 to 274 


Circular, single- ) 
ended, steel, V 
8 in number. ) 


92 


2100 


10894 


609-2 


581-1 


132-0 


*28-44 

tl5-85 


24-96 
13-87 


109 
61-14 


1-88 to 2-6 


Circular, single- ) 
ended, steel, V 
8 in number. ) 


146 


2800 


1826-6 


628-8 


702-7 


165-2 


n9-7 

+16-77 


17 33 
14-89 


74-33 
63 34 


1-82 at 60 •/• 
of full power. 


BeUeTille, ) 
water-tube, [ 
48 in number, j 


89 


2900 


2224-8 


1076-4 


1148-3 


48-75 


23-8 


22-8 


6261 


1-71 at 74 V. 


Normand, ) 
water-tube, [ 
4 in nnmben j 


19 


160 


1286 


69-4 


641 


11-48 


75 2 


69-7 


389-7 


2-3 at 11 knots. 


Reed, ) 
water-tube, V 
4 in number. ) 


20 


170 


120-0 


49-0 


70-69 


7-96 


77-3 


53-6 


477-0 


2-6 at 13 k. 


Thomycroft, ) 
water-tube, [• 
8 in number, ) 


18 


280 


127-9 


61-5 


66-46 


7-76 


94-8 


87-2 


7470 


2-5 fuUk. 
1-67 low k. 


Nonnand, ) 
water-tube, 
4 in number, j 


17 


230 


144-8 


68-6 


76-7 


11-25 


88-4 


80-1 


539-0 


2-64 full k. 
1-64 low k. 


Belleville, with ) 
economisers, > 
80 in number, j 


78 


1500 


1625-0 


725-0 


800-0 


43-0 


22-7 


20-6 


3830 


tl-77at20-6k. 
1-59 at 18-8 k. 


Belleville, with ) 
economisers, 
81 in number. ) 


64 


1000 


180^-5 


887-5 


9150 


48-0 


24-8 


24-0 


458-0 


1-89 full k. 
1-83 at 74 V- 
1-8 at21•^ 


Reed, ) 
4 in number. ) 


25 


300 


202 


740 


128-0 


13-8 


94-2 


54-4 


506-0 


226 


Cylindrical \ 
6 in number. f 

BabcockA Wilcox, ( 
10 in number. ) 






















• • 


2250 


18860 


821-0 


1064-0 


176-0 


80 


20-2 


1020 


• a 


Normand, ) 
12 in number, j 


43 


1000 


885 


468-0 


417-0 


44-0 


86-8 


40-7 


887-0 


. « 



* Forced draught power. 



t '* Natural " draught power. 



10 ftNGINB-tlOOM PRAOTlCfi. 

(a) '* Those with tubes of large diameter, thoroughly accessible 
both inside and outside for examination and cleaning, and with 
their internal steam and water passages so large as to render any 
obstruction to dirt or grease practically impossible. Such boilers 
are suitable for any vessels in which the maintenance of high power 
for long periods may be desirable." The full power is obtained 
from these boilers by what is termed "natural draught," the stoke- 
hold fans being used to maintain an air pressure of a small frac- 
tional part of an inch. To this type belongs the Belleville boiler. 

(5) "Those with tubes of small diameter, very light for the 
power developed, and capable of being used under high forced 
draught without leakage of tubes or other injury." Such boilers 
are suitable for vessels in which machinery of torpedo-boat type 
is necessary. The circulation of the water in type (6) is gener- 
ally much more rapid than in type (a), and it is for this reason 
that the former is capable of working under a comparatively 
high air pressure. 

Various systems of forced or induced draught are fitted to 
the boilers of ships of the Royal Navy and Merchant Marine, 
but, broadly speaking, the boiler practice in the Royal Navy is 
to obtain the maximum power, on occasion, from a given weight 
of boiler and contained water, whilst in the Mercantile Marine 
the various systems have generally the economy of coal as their 
main feature. 

In Table I. the I.H.P. of the auxiliary engines was not 
obtained directly from diagrams, but was estimated from the 
quantity of steam and coal required by them. In comparison 
with the measurements made by the U.S. Navy Department, 
the fiu:ures given are high. 

The following figures obtained in the U.S. triple-screw cruiser 

** Columbia " are interesting : — * 

I.H.P. of the three main engines, .... 18,000 

„ „ „ oiroulating engines, . . 30 

„ „ „ air pumps, .... 57 
„ „ two auxiliary air and oiroulating pump 

engines, 4 

„ „ three Se and water service pumps, . 11*6 

„ „ three fire and bilge pumps, ... 22 

three fire, feed, and bilge pumps, . 3 '5 

six main feed pumpa, .... 178 

two auxiliary feed pumps, ... 13 (eetim:*) 

sixteen blowing fan engines, . . 154 

two auxiliary „ „ . . 12 (estiml) 



it » 
it it 

a It 

>) i> 

in engine-rooms, 6 (estim^) 
one dynamo engine, .... 28 (estim^) 

Total LH.P. of auxiliary engines, , . . . 518 
Total number of steam cylinders in the ship, . . 184 



>> »» 



It should be noticed that there is no hydraulic machinery in this ship. 
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Data of Vessels added to the Cunabd Fleet between 

1897 and 1905. 



Name of 
Ship. 



Caronia, 

Carmania, -[ 

Saxonia, -j 

Ivemia, 
Carpathia, 

Ultonia, -[ 

Slavonia, . 
Pannonia, . 
Brescia, 
Pavia, . 
Tyria, . 
Cypria, 
Veria, . 



Description of 
Engines. 



T.S. Quad. Exp., 
balanced on the 
Yarrow-Schlick- 
T weedy system, 
Turbine (Triple 

Screw), . 
T.S. Quad. Exp., 

4 cylinders, . 






T.S. Triple Exp., 
3 cylinders, . 



» 



S.S. Triple Exp., 
3 cylinders, . 



Cylinders. 



Diameter. 



Inches. 



39,644,77,110 



|29, 41i, 69, 84 

28i, 41, 68i, 84 
26, 37, 63, 76 

I 23i, 38i, 68 

24, 40, 70 
254, 42, 70 

I 24,40,66 



Stroke. 



Ft. ins. 



5 6 



4 6 



4 
4 



6 
6 



4 



4 

4 








3 9 



^3 
Si 



Lbs. 

per 

sqin. 

210 



190 

210 

210 
210 

200 

200 
190 

200 



1^' 



Feet 

per 

min. 



900 

...{ 

720 

720 
750 

560 

640 
600 

480 



LH.P. 



20.000 

about 
20,000 

10,000 

10,000 
8,000 

5,000 

5,000 
5,000 

1,800 



m. — ^Pabtioulabs of the Fleet of the P. and 0. Company. 



Date. 


I860. 


1870. 


1880. 


1890. 


1897. 


Number of vessels owned by 












the company, . 


39 


43 


50 


51 


59 


Gross average tonnage, . 
Tonnage of Largest vessel. 


1496 


1888 


2735 


3901 


4896 


2283 


3664 


4023 


6600 


8000 


Average I. H. P., . 


1148 


1616 


2428 


3759 


4713 


Greatest LH.P., . 


2189 


3300 


3800 


7000 


11,000 


Greatest boiler pressure, lbs. 












per square inch. 


21 


40 


80 


160 


170 


Greatest piston speed, feet 












per minute. 


348 


468 


640 


744 


894 



The first compound engines used by the company were fitted 
in the 8.8. " Mooltan " in 1861, with a boiler pressure of 27^ lbs. 
The first triple-expansion engines used by the company were 
fitted in the s.s. '' Coromandel '' in 1885| with a boiler pressure 
of UO lbs. 
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CHAPTER II. 

THE CONDITIONS OF SERVICE OF ENGINEER 
OFFICERS R.N., AND R.N.R. 

The present chapter is intended as a help to the young 
engineer who is about to go afloat and take up the duties of his 
profession; engineers of the RN.R. may also usefully compare 
their responsibilities when serving in H.M. ships, with those 
they undertake in the merchant service. 

Duties on Receiving Appointment. — The first duty of the 
young officer on being appointed to a ship is to acknowledge the 
receipt of his appointment as directed on the appointment. 
This is done in a few words on a sheet of foolscap thus : — 

Address, 

Date, 

Sm, 

I have the honour to acknowledge the receipt of 
my appointment to H.M.S. '* ," and I have 

the honour to remain, 

Sir, 

Your obedient servant. 

To 

The Secretary of the Admiralty 

(Or 08 directed in the appointment). 

In "service" letters one-quarter of the page is left as a margin 
at the top and down the left-hand side. 

Expenses. — A sum of one shilling a day is paid by an 
assistant engineer to the messman, to whom the Admiralty make 
a further allowance ; the total expenses of living in a gun-room 
are from £2 to about £4 a month, according to the officer's 
means. The senior members of a gun-room mess are expected, 
by influence and example, to support the sub-lieutenant president 
in maintaining an orderly and well-arranged mess. The amounts 
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expended by a gun-room officer in extras and wine are subjected 
to control. The regulations respecting wine are stringent. On 
promotion, after about five years' service, the engineer joins the 
ward-room mess to which all the senior officers belong — except, 
of course, the captain. All ward-room officers generally obtain 
cabins, except the juniors in a flag ship. 

Neoessary Clothing. — In addition to the uniform prescribed 
it is necessary to provide various articles of clothing. A suit of 
canvas overalls to wear when crawling in bilges may be recom- 
mended. Until a proper acquaintance with the/eed pipes and 
other fittings usually hidden under the plates, and also of the 
interior of cylinders and boilers, is acquired, there will be a good 
deal of crawling about to be done, and the chief engineer will 
expect to see proper efforts made to acquire this information; 
consequently, one must be possessed of a suit of overalls on join- 
ing the ship. The Admiralty issue 12 yards of coarse duck, for 
the use of each engineer, every year, and this material is used 
for the purpose of making overall suits. Since the engine-rooms 
of H.M. ships have usually a temperature of about 100** F., the 
most comfortable shirt on watch will probably prove to be a 
thin flannelette, which can be often washed without shrinking. 
Shoes for the engine-room should have very thick soles ; other- 
wise a four-hour watch on the hot plates will make the feet 
tender. Shoes are recommended in preference to boots, to 
render the inevitable change on leaving the engine-room depart- 
ment easier. The deck officers very naturally resent the dirty 
marks made on the decks by boots worn in the engine-room, and 
the only thorough prevention is to change on leaving the depart- 
ment. White cashmere neck wraps will be found very useful 
to put on if duty suddenly calls you on deck. They look neat, 
and will be found indispensable for coaling ship. Socks should 
be of the strongest as it is difficult to get them darned at sea. 
Sea boots are not a necessity to the engineer, but they will be 
found useful when coaling ship. It should be noted that white 
uniform can be bought cheaper at Hong Kong, Bombay, and 
Malta than at home, especially at the two former places; though 
the quality is not quite so good, this course is to be recommended. 
As regards private clothes, the young officer will not find stowage 
for many suits. A blue serge suit is generally useful, and a 
Norfolk jacket suit is best for a ramble on shore. An overcoat 
is a necessity to guard against chills on returning in the evening 
boat. Boom can generally be found for a cricket bag or for a 
rod and gun. Only essential books should be taken ; they have 
to resist rough treatment from cockroaches, packing, and, 
occasionally, fi^om sea water. Castor oil is said to protect the 
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bindings from cockroaches. Books should be packed separately 
and surrounded bj soft clothing. A good set of drawing instru- 
ments should be provided. Sketch books are a necessity for 
both rough and finished sketches ; they should have strong 
bindings. The author recommends the young engineer to 
invariably carry a pocket book in which to note down defects in 
the machinery as observed. The most urgent can then be 
picked out when an opportunity occurs to set them right. All 
orders received should also be immediately committed to writing 
for future reference when carrying them out, or for transmission 
to others. Especially is this important when carrying out watch- 
keeping duties. It will be found a very useful practice to mnke 
notes and sketches of any interesting repairs which may be 
carried out; in time a valuable set of sketches may thus be 
accumulated. Figured dimensions should be marked on such 
sketches. In addition, an engineer should possess a sketch 
book devoted to the leading features of the ship he is serving in, 
as detailed later. 

Duties of Engineer Officers. — These duties are laid down 
in the KvngU BegtUcUions and Admiralty Instructions, of which 
it is ordered that every officer must possess a copy. The book 
is produced when the admiral in command of a fleet makes his 
periodical inspection. In addition, the Steam Martial is written 
for the instruction of engineer officers and engine-room artiticers, 
and an intimate acquaintance with its contents is indispensable. 
Copies are obtained on application from the office of the senior 
engineer officer in the Steam Heserve and also from the pay- 
master of a ship before leaving the home port. Every engineer 
officer and engine-room artificer is entitled to a copy, to be 
considered as his personal property {Steam Manual, Art. 2). The 
Steam Manual may be quoted in this book by the initials S.M, 

Discipline. — Article 149 of the Steam Manual is very im- 
portant and is here quoted: — "During the absence from the 
ship of the chief engineer the senior engineer officer remaining 
on board is to observe and follow the instructions for that officer, 
and to be responsible for the care and proper working of the 
machinery and all parts connected therewith.'' 

Properly understood, this paragraph directs the discipline to 
be carried out in the department. The young officer must take 
care to make the proper reports as to the progress of work and 
on other matters to his chief, in order that the latter may be in 
possession of the fullest information as to the state of his depart- 
ment. Should the chief not be on board the reports must be 
made to the senior engineer left in charge. It must not be 
supposed that reports are made to the chief engineer simply as a 
compliment to his rank. 
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Acquaintance with General Bun of Ship. — As soon as 
possible after joining the ship the assistant engineer should 
endeavour to become familiar with the general run of the ship. 
He should trace the run of the steam and exhaust pipes^ 
making sketches showing the bulkheads passed and all com- 
municating valves on the main and auxiliary steam pipes. 
His task will be made easier by the use of existing sketches, 
which he should copy and use to verify his own. He should 
note carefully the method of shutting off certain sections of 
pipe, and consider the possibilities of alternate routes for the 
steam. Equally important is the lead of feed pipes and the 
delivery of each separate feed pump. It is necessary to know 
accurately the function of each pump, and for what boilers 
it may be used, either in ordinary practice or on an emergency. 
The same course of study must be applied to the voice pipe 
leads, the lead of the fire main, the ventilation trunks, the 
water-tight doors and drain valves, and to the flooding arrange- 
ments. The water-tight bulkheads of a ship are lettered, and 
also bear the number corresponding to the framing of the ship. 
It is important to represent the bulkheads in their place 
on all sketches made, and to insert the number and letter 
corresponding to them. By this means a knowledge of the 
relative positions of compartments on different decks will be 
acquired* 

It is only after an engineer is intimately acquainted with his 
department that he is able to take prompt action in any great 
or small emergency which may arise. At such a time he should 
feel no necessity to wait and seek out a particular subordinate 
who has a more detailed knowledge of the part affected. The 
confidence and authority this knowledge will give him are 
invaluable. 

Steaming Watches. — It may be useful to state here that the 
watches on board are divided up as follows : — 

Midnight to 4 a.m., called the " middle watch." 

* * morning watch." 
"forenoon." 
" afternoon." 
"first dog." 
" second dog." 
"first watch." 

On first joining, the assistant engineer is placed in a watch 
with an experienced officer until judged familiar with his duties, 
whereupon he is placed in charge, generally after some months 
of instruction in his duties. 

The Admiralty instructions direct that every engineer, except 
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the chief, is to be employed on watch from four to eight hours 
out of the twenty-four. 

The most arduous watch keeping duty experienced under 
ordinary conditions is that known as ''three watches." In such 
an arrangement an officer keeps every third watch in rotation. 
In addition^ an assistant engineer attends the ordinary drills 
at his proper station; the most important being '^ general 
quarters," ** fire quarters," " collision quarters,*' and " man and 
arm ship." The watch bill made out on board will contain all 
the information necessary for the carrying out of these drills. 

Sub-charge, of Auxiliary Maohinery. — The various sub- 
departments under the chief engineer comprise — (1) The 
hydraulic machinery ; (2) the dynamo machinery and torpedoes ; 
(3) the double-bottom compartments, the water-tight doors, 
the ventilating, pumping, and flooding systems, and some 
miscellaneous engines, such as the capstan engine and boat 
hoist. This division is general but not universal. 

In large ships after the young engineer has acquired the 
general knowledge alluded to in an earlier part of this chapter, 
he will generally be associated with one particular department, 
first to become acquainted with the particular duties of the 
department, and afterwards to see them properly carried out. 
At the same time he will take '* day's duty " in turn with the 
other junior engineers, when his duties, as detailed later, are 
more general. One junior engineer may be partly employed, for 
a period of some months, to assist the chief engineer with the 
clerical work of the department ; this work consists of the store 
accounts, and the writing up of the engine-room registers, and 
other reports ordered by the regulations. The knowledge so 
acquired is necessary later when the officer is placed in charge 
of the machinery of a small ship. 

The assistant engineers are responsible to the chief engineer 
for the efficient condition of their department, as laid down in 
the Steam Manttal, Article H2. They will also receive more or 
less assistance and supervision from the senior engineer in his 
capacity of general assistant to the chief. 

In small ships the duties are more general, because there are 
not so many departments. Thus, hydraulic machinery is not 
fitted, and there are no submerged torpedo tubes; neither is 
there the same number of auxiliary engines outside the engine- 
room proper. The chief engineer will generally do all the 
clerical work himself, and when he has only one or two 
assistants the junior must be prepared to undertake a more 
varied duty than is usual in large ships. 

An engineer in the Royal !Navy is not generally required to 
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do actual manual labour, but he should remember that the 
necessity may arise, and should provide himself with practice 
when conyenient opportunities arise. In the author's opinion 
the skill possessed by a clever mechanic is as much deserving 
of practice as any other hard won accomplishment, and from 
this point of view the assistant engineer should take every 
opportunity of exercising himself in the use of tools. 

Charge of Men's Clothing. — It is now usual for the 
engineer officers to be held responsible for the dress and 
general appearance of the stokers. The usual arrangement in 
a large ship is that each of the junior engineers has charge of 
a subdivision of the stokers, and the senior engineer helps 
each to carry out the duties required by the various inspections 
ordered. Generally speaking, the whole kit and bedding of 
each man mast be mustered and inspected once in each three 
months. On Sunday mornings, and twice each week day — at 
morning divisions and evening quarters — the men are inspected 
in the " rig of the day." When the ship is in harbour most of 
the stokers are at work when " divisions," and often also when 
"evening quarters," are sounded off; those who are free to 
attend are inspected. At sea all the stokers, not on watch or 
on day duty, attend these inspections. Since the opportunities 
at other times are few, it is especially important to carefully 
inspect the stokers' dress on Sunday morning. 

As these duties are somewhat strange to engineers it will 
perhaps be useful to point out that the smallest irregularity ot 
dress, such as a dirty mark, a discoloured button, or a badly tied 
tape, will not escape the captain's eye when he subsequently 
inspects the men ; some matters may be put right at the time 
of inspection, but for others it is necessary to report the matter 
to the officer in charge of the division, who will probably order 
the man to present himself for inspection at a future stated 
time, or direct him to furnish himself with a new garment fit 
for inspection. It will be necessary to acquire, and as soon 
as possible to become acquainted with, the separately printed 
regulations as to uniform. 

SPECIMEN OF ORDERS FOR " DAT's DUTY " IN HARBOUR. 

The junior engineers will keep " day's duty " in rotation. 

The E.O. of the day will see all hands mustered, properly 
dressed, and that they turn to at the time directed. The chief 
stokers of the various departments will report to the E.O. of 
the day when the hands have turned to. The E.O. of the day 
will report any absentees to the senior engineer. He will 
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muster those stokers who attend ''evening quarters," inspect 
them, and report to the executive officer taking "evening 
quarters." 

He will see that the rough engine-room register is written up 
with all information concerning the machinery at work. 

He will be responsible for any special duty outside working 
hours. If the ship's steam boats are running he will report to 
the senior engineer whether the boat is likely to be employed 
for more than a period of twelve hours, in order that a relief 
crew may be told off. 

The E.O. of the day will go the "rounds" at night as directed 
in the Steam Manualy Art. 150 ; he will be accompanied by the 
engine-room artificer and chief stoker of the day, and he will 
meet and report to the commander at an appointed place during 
the latter's "rounds;" he must also report the result of this 
inspection to the chief engineer. 

He will go the rounds of the department at least once in each 
night watch, out of working hours, and will initial the register 
to certify that he found the department as reported therein. 
Any unusual circumstance must be immediately reported to the 
senior and chief engineers. 

He will see that the fire-engines are ready for pumping water 
to wash decks at the time ordered in the morning watch. He 
will see that the main drain and bilges are pumped out at the 
times directed. 

He will see the department properly cleared up after working 
hours, and will receive the storekeeper's report that all lamps 
and tools are returned to the store; he will also see that all 
spanners are replaced in their proper racks. 

The quantity of water in the reserve feed tanks is to be ascer- 
tained by the E.O. of the day in the morning watch, and is to 
be noted by him in the E.R. register. 

During his rounds the E.O. of the day is to take special notice 
of the steam pressure, feed pumps, feed water supply, boiler 
gauge glasses, and the density in the boilers ; and he will also 
see that the evaporators are working under the conditions 
ordered. Any sudden rise in density of the boilers is to be 
immediately reported to the senior engineer. 

He will also see that the lubricators of machinery in use have 
been properly attended to, and that the bearings are running 
cool. 

He is responsible that the ventilating fans are run as directed. 

He must be present to personally supervise any change 
ordered with respect to the machinery at work for auxiliary 
purposes, such, for instance, as a change of the boilers in 1190, 
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CHAPTER lit 

ENTRY AND CONDITIONS OF SERVICE OF ENGINEERS 
IN THE LEADING STEAMSHIP LINES. 

Entry of Engineers. — The engineers are generally selected 
from applicants, over twenty-one apd under twenty -seven years 
of age, who have served an apprenticeship of not less than five 
years, preferably in a marine engineering establishment. It is 
in their favour if they have also worked for two or three years 
as journeymen. Successful candidates are often indebted to 
their associations or to influential personal recommendations. 
In every case the candidate has to satisfactorily undergo the 
ordeal of a personal interview with the superintending engineer, 
when the latter forms an opinion of the candidate's bearing, 
general education, and intelligence. A good physique is 
essential; in some "lines" a standard of height and chest 
measurement has been fixed, and candidates must also submit 
themselves to a medical examination. A technical college 
education is not essential, but a candidate should have a 
sound general education and should shpw intelligence. If 
he has attended the evening classes of a good technical 
college, and can produce certificates for such work, he wilt 
probably be able to satisfy the educational standard. The 
superintending engineer of leading steamship companies at- 
tach much importance to the practical ability of candidates, 
and take pains to explain that their engineers must be 
first-class workmen rather than merely qualified to act as 
draughtsmen. 

A selected candidate is employed for some months on the 
company's shore staff, either in the shops or on board steamers, 
and assists with the current repair and overhaul work; during 
this time he receives a rate of pay depending on his trade. A 
probationer is not allowed to close valve chests, cocks, or other 
fittings before his work has been inspected by one of the senior 
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engineers of the ship's staff, whose duty it is to see that all is in 
order before parts which have been overhauled are closed up. 
During the time of service on the shore staff the candidate is 
kept under the obseryation of the superintending engineer and 
of his assistants, and reports are made from time to time ; if the 
conduct or ability of the candidate is not satisfactory, he is not 
retained in the service. Strict sobriety is essentiaL 

When a vacancy occurs in a ship's complement it is filled by 
the senior man on the shore staff, who then takes rank as an 
engineer officer of the company, usually in the lowest grade, say 
seventh or eighth engineer. It may be here pointed out that 
the would-be sea-going engineer should try and gain acquaint- 
ance with the necessary discipline of a ship ; in particular as to 
his relation with the chief and second engineers, who are 
responsible for the routine and work carried out in the depart- 
ment. He should also learn how to deal with greasers and firemen, 
who are not always too careful in executing the orders given by 
junior engineers. He should learn his position as part of the 
ship's company and become familiar with the relations existing 
between himself and the officer of the watch, and also with the 
captain's authority. A few enquiries, and a habit of observation 
exercised during the time he is temporarily employed on over- 
haul work, may enable the young engineer to take up his position 
naturally and satisfactorily when he joins a ship's staff. 

The working hours in the factories are, as a rule, from 7 a.m. 
till 5.30 p.m. or thereabouts, and on Saturdays the works close 
at 1 p.m. Whilst employed on the shore staff the probationer 
is encouraged to attend evening classes on applied mechanics, 
steam, mechanical drawing, <bc., at the various technical colleges. 
Although no definite educational examination is held for the 
entry of junior engineers into the Merchant Service, yet it is 
impossible to secure promotion above the grade of fourth 
engineer until the necessary Board of Trade certificates are 
obtained. It is quite usual for the fourth engineer to hold a 
second class, and the third engineer a first-class Board of Trade 
certificate; and very often the second, third, and fourth 
engineers of a *' liner " all hold a first-class certificate. A junior 
engineer must usually serve several years in a " liner " before 
obtaining the position of fourth, which gives him charge of a 
watch. For this reason many young engineers start their sea- 
going life in a cargo steamer, where they get charge of a watch 
much earlier, and can then count their sea time and qualify for 
the Board of Trade certificate. Often, however, the training 
and discipline there experienced is inferior to that obtained on 
board a "liner." 
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The regulations regarding Board of Trade certificates for 
engineers will be found in the Appendix. With regard to the 
examinations, the following books will be found to contain much 
valuable information: — Bergen's Movrine Engineer; Davies' 
Solutions to First-Class Questions ; Beed's Engineer's Hand-Book 
to the Board of Trade Examinations, and the Guide-Book for 
Extra First-Class Certificates by the same author. See also 
Constantine's Ma/rine Engineers : their Qu^ifications and Duties. 

The following tables give an example of the number and 
composition of the engineering staff of a ** liner " : — 

When Fikbmbn and Trimmbbs are "Natives." 



Steamers. 



S.S. "A," 



III 

9 2 
CO a 



hi 



9 









8 



I 



53 









37 






11,000 



bis 



a 



ca.4 



1-5 



Coal Worked 

in Tons 

per hour. 



Per 
Fire- 
man. 



0-417 



Per 
Trim- 
mer.* 



697 



1 electrician, 2 refrigerator engineers, cylinders — 42J", 68*, 
1 hydraulic winchman. 74i", and 744*. 

S.S. **B," I 4 I 7 I 4 I 29 I 20 1 6,000 | I'S | 0*414 | 06 

1 electrician, 1 refrigerator winchman, cylinders — 38*, 
1 winchman. 594", and 96". 

S.S. "C") 4 I 7 I 5 I 27 I 18 1 4,500 | 1-7 1 0*378 | 0-667 

1 electrician, 1 refrigerator winchman, cylinders — 

1 winchman. 53" and 101". 



The men are employed in ** three watches." 



ENGINE-ROOM STAFFS (European). 
Minimum Staff, 
2 engineers, 5 firemen, and 1 donkey man. 

100 to 200 N.KP, 

4 engineers, 1 storekeeper, 1 donkeyman, and 1 fireman per 
18 ft. fire grate. 

* U coal is handled twice by trimmers, this column of figures is doubled. 



24 



ENOINE-ROOM PRACnCK. 



200 to SOO N.U.P. 

4 engineers, 1 storekeeper, 1 donkeyman, 2 greasers, and 1 
fireman as above. 

300 to 400 N,H.P, 

5 engineers, 1 storekeeper, 1 donkejman, 2 greasers, and 1 
fireman as above* 

JiOO to 600 N.H.P 

6 engineers, 1 storekeeper, 1 donkeyman, 3 greasers, and 1 
fireman as above. 

600 N.H.P. and over. 

7 engineers, 1 storekeeper, 1 donkeyman, 4 greasers, and 1 
fireman as above. 

Storekeepers, donkey men, greasers, and firemen may be placed 
on the Articles as firemen, trimmers, &c. 
The N.H.P. to be found in all cases by the following rules : — 

Simple Condensing Engines. 

D = diameter of cylinders in inches. 
N = number of cylinders. 

^ ^ =N.H.P. 



Rule 1.— 



Rule 2.— 
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Compound Condensing Engines. 

D = diameter of low-pressure cylinder in inches. 
d .- ,, high- ,, 



N = number of low-pressure cylinders. 
n= ,, high- 
CD^ X N) -f (cP X n) 



)> 



)) 
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= N.H.P. 



As to fire grate, divide the total fire-grate surface of all the 
main boilers by 18. If the quotient contains a fraction equal to 
one-half or upwards, then the next higher whole number will 
represent the number of firemen. 

The assumption is that 16 lbs. of coal is consumed per foot of 
grate surface per hour. 

Examples of Actual Staffs (Eurofsan). 



Steamers. 


£ gineers, 

including 

Ci ief 

Engineer and 

Boilertnakers. 


t 


9 
6 


i 

24 

18 
12 


a 

15 

12 

9 


M 


Goal 
Consumed 
per I. HP. 
per hour. 


Coal Worked in 
Ions per hour. 


Per 
Fireman. 


Per 
Trimmer. 


S.8. "A," 
8.8. ••B." 
8.8. «*0,» 


10 
3 
6 


8500 
6500 
4400 


lbs. 
1-6 
1-5 
1-48 


0-71 

0-725 

0-729 


1-14 

1-0875 

0-976 
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A large Liner carries a chief engineer, second, third, and fourth, 
engineers, and also from two to six assistant engineers employed 
on watchkeeping duties. The junior engineers are distributed 
over the three watches under the second, third, and fourth 
engineers, and they are generally employed on stokehold duties. 
In the stokehold they must superintend and direct the working 
of the boilers, and must attend personally to the distribution of 
the feed water and maintain a uniform system of stoking and 
cleaning fires. Considerable personal influence over the firemen 
is often required to induce them to keep the fires in proper 
condition. 

The following points are found to require the constant 
attention of the engineer: — The back bars must be kept covered; 
the bridge and furnace door dead plate kept clear of fire. In 
double-ended boilers the doors of opposite furnaces must not be 
opened at the same time, particularly when working with forced 
draught The fires must be cleaned with as little delay as 
possible, and the ashes heaped in suitable places. 

It is no uncommon thing for the engineer to relieve a fireman 
and show him how his work should be done. Generally speaking, 
there is no intermediate grade between the engineer and the 
men working on the fires, so that the various duties of a stoke- 
hold watch carried out by the chief stoker or E.R. artificer of the 
It.N., fall on the junior engineer. On the other hand, the 
system of automatic regulation of pumps is very general in large 
ships, and the engineer is not compelled to devote much time to 
their working, but can concentrate his attention on the boilers. 
Fans are generally employed to supply air to the boilers under 
various systems 9f closed or open stokeholds and ashpits. It is 
not generally necessary to sweep tubes during the watches, as 
the soot can be blown away by the fans. Ashes are put over- 
board by the firemen ; the ash shoots being led through the 
gratings over the boiler rooms to the upper deck, and serving as 
downtakes for air when not in use. There is a very convenient 
form of ash ejector known as " See's," by means of which ashes 
put into a receptacle on the stokehold plates are ejected over- 
board through an inclined rising tube, by a jet of water at high 
pressure supplied by a duplex pump. By this means the ashes 
are blown out 20 feet clear of the ship's side and above the 
water line. 

The duties of the engineer in charge of a watch are sufficiently 
various. In addition to the main engines the following auxiliary 
machinery is generally to be found in the engine-room and 
requires supervision: — The sanitation, main feed, and bilge 
pumps at the back of the main engines and worked by a rocking 
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lever; the duplex main feed pumps controlled by automatic 
float gear; the feed-water filters and heater; the evaporators 
and distillers for making fresh water; an auxiliary condenser 
for dealing with the exhaust steam of the auxiliary engines; 
various ventilating fans; the main circulating engines and 
pumps in duplicate; the electric light engines — ^two or three 
sets in number — each capable of generating about 220 amperes 
at 105 volts ; the refrigerating machines for freezing the cargo 
or the ship's provisions, a large or a small machine, and some- 
times the two together; the hydraulic pumping engine for 
supplying water under pressure to the cranes, capstan, and 
bollards ; and a small air compressor to charge the reservoirs of 
the hydraulic system. 

Suitable instructions compiled for several types of these 
auxiliary engines will be found in the chapter on Auxiliary 
Machinery^ together with illustrations ; and various special 
forms of duplex pumps are illustrated in a later chapter. 
As regards the main engines, see the chapter on Steaming 
Routine. 

It will be seen, by comparing the above list of auxiliary 
machinery with that fitted in a battleship, that the types of 
engines in the latter are, for the most part, carried in a large 
liner. The system of hydraulics, for instance, is not so extensive 
in the liner, but it is represented; and the working pressure 
is equally high (about 1200 lbs. per square inch) and is led 
throughout the ship, forward and aft. Again, the engineer who 
has had charge of a small air-compressing plant will have no new 
problem presented to him by a larger example of the same type. 
The engineers of H.M. Navy may not generally be acquainted 
with the extent of the responsibilities of those serving in < Miners ;" 
in reality, the nature of the duties in mail steamships very 
closely corresponds with those in the naval vessels ; and it may 
be anticipated that the B.N.R. engineers transferred to a battle- 
ship will speedily be at home after a short oourse of instruction 
in the construction of torpedoes and the special features of 
hydraulic gun mountings, <&a 

As regards aooommodation, the chief engineer and second 
engineers are provided with separate cabins, and the junior 
engineers generally share cabins, two in each. A bath-room is 
provided for the exclusive use of the engineers. The chief 
engineer usually messes in the first saloon, and the remaining 
engineers have their own mess. 

Additional Engineers, &e. — The various auxiliary engines 
receive the special attention of the engineers carried for the 
purpose. Some large ships carry the following additional 
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mechanics: — The electriciaD, the hydraulic engineer, and one or 
two refrigerating engineers. 

These engineers have the same privileges as the assistants for 
watchkeeping duties; they are sometimes replaced by a class of 
men called " winchmen," who are promoted to special duties on 
account of the ability shown by them when serving as firemen. 
The winchmen correspond closely to the rating of chief stoker 
in the navy, but sometimes receive much higher rates of pay. 
They are entrusted with the care of various auxiliary machinery, 
but are not qualified mechanics who have served an apprentice- 
ship. They are employed on particular duties, and do not take 
watches in the engine-room or stokehold, nor are they promoted 
to the rank of engineer. 

A boilermaker is also sometimes carried, and occupies the same 
position as an assistant engineer; he keeps watch in the stoke- 
hold. Modern boilers require so few repairs, away from the 
home port, that the boilermaker is often dispensed with, but he 
is still useful as a smith if there is no boiler work proper. 

Conditions of Steaming. — The routine of vessels employed 
in the well-known lines is very different to that of the Royal 
Navy. A liner steams almost continuously at full speed ; 
stopping for a period of a few hours to coal at ports of call, she 
steams to her destination, where she may stay from ten to 
fourteen days. On her return to the home port, after an inter- 
val of from one to five weeks, she starts on another voyage. 
Consequently there is very little time or opportunity for repairs 
to be made between the terminal ports. Generally the repairs 
at intermediate ports are limited to packing glands and making 
joints on the smaller steam pipes. There is no regular period 
for a general refit, although during the annual opening out of 
machinery for the Board of Trade survey, which is necessary in 
order to obtain the passenger certificate, the opportunity is 
taken to make good defects as far as possible. The bearings 
of the main engines generally run satisfactorily, without ad- 
justment, throughout a distance of 12,000 odd miles under 
steam. 

As regards the auxiliary machinery, the refrigerating machine 
for the cargo is often required on the homeward voyage only, 
and can be overhauled by the refrigerating engineer on the out- 
ward trip. If only one refrigerating machine is carried for both 
the cargo and the ship's provisions, the heavy repairs must be 
done at the terminal ports. A special log for the refrigerating 
machinery is kept, and contains an account of the time and 
particulars of work and the stores expended. It is placed in the 
chief engineer's cabin once or twice a day, and, at the end of the 
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return voyage, is sent to the superintending engineer's office, 
with the log of the main engines, for inspection. 

The hydraulic cranes and bollards are chiefly used in port, 
and are run by the hydraulic engineer, or winchman, under the 
supervision and directions of the chief engineer; a log is kept 
for reporting the stores expended and the time the machinery 
was in use. 

The survey ordered by the Board of Trade includes the 
following points: — Registered H.F.; names and certificates of 
engineers; engine-room staff; condition of steering gear and 
description of steering engine, <&c. ; particulars of fire hose and 
steam whistle; general condition of hull and bottom, date of last 
repair and inspection; particulars of means for closing bunkers; 
particulars of bulkheads; condition of propeller and shafting, 
date of last examination; condition of under-water fittings; is 
stern tube in a W.-T. compartment? is the vessel fitted with 
water-ballast tanks 1 is there a pump for each hold, and general 
particulars and conditions of pumps, main and independent? 
maker of engines, when built, description, diameter of cylinders 
and length of stroke; maker of boilers, when made, numbers, 
description, date of hydraulic test, test pressure, date of last 
internal examination, particulars of superheating apparatus; 
when were the boilers last out of the ship ? working pressure, 
dimensions, number of furnaces in each, description of furnaces, 
condition of shells, furnaces, combustion box plates, end plates, 
tube plates, all stays and tubes, date of last repair, nature and 
extent of repairs, by whom made, if tested by hydraulic pressure 
after repairs, if test was satisfactory; description of safety 
valves, number to each boiler, diameter, how weighted, load per 
square inch, diameter of coils and of steel spring, number of 
coils, condition of valves and springs, levers and pins, if fitted 
to prevent the pressure being increased when steam is up, and 
how, description of easing gear and where worked from ; stop 
valves, number on each boiler, how placed, diameter; steam pipec^ 
diameter of main steam pipes, date when tested by hydraulic 
pressure, pressure to which tested; number and description of 
steam gauges; number and description of vacuum gauges. 

The Boutine in the F. and O. Servioe. — The following 
outline sketch of this routine is given as an example of the 
general conditions under which a mail steamer is worked. The 
longest voyage is from London to Sydney,* and is about 12.500 
miles. A ship employed on this service generally makes three 
trips a year or a total distance of 37,500 miles. The principal 

* The ships of some lines run from England via the Cape to Australia 
without stopping at any port of oalL 
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ports of call and the leiigths of stoppages are as follows : — 
Gibraltar; Malta^ 8 hours; Brindisi, 14 hours; Port Said, 3 
hours ; Aden, 6 to 12 hours ; Colombo, 18 to 24 hours ; King 
George's Sound, 6 to 8 hours; Adelaide, 12 hours ; Melbourne, 
36 hours ; Sydney, nearly a fortnight. 

The tubes of the boilers are swept as far as possible, and all 
fires are cleaned at each port of call. This requires considerable 
management as steam is required for working the cargo, and it 
is not advisable to light up the auxiliary boiler for short 
stoppages. 

The ship is docked, after each return journey, in the Albert 
Docks in London, during her stay of from two to five weeks. 
The boilers are opened out, scraped, cleaned, and the zincs over- 
hauled at each terminal port ; and, at the same time, the tubes 
are swept and the soot is cleared out of the uptakes and smoke- 
boxes. A general examination is made on the completion of a 
return voyage, the shafting being stripped from end to end ; and 
all the journals, including those of the connecting-rod, are ex- 
amined. At the same time, the cylinders, pistons, and pumps 
are opened out and examined, packing is renewed where neces- 
sary, and leaky steam-joints are re-made. 

The bearings very seldom need attention at the ports of call, 
and will generally run throughout one, or even two, voyages 
without requiring a re-adjustment. 

A period of from fifteen to twenty-four hours is allowed to 
raise steam. Some of the boilers are very large, reaching a 
diameter of 18 ft., and they are often double-ended. 

Fires are cleaned and clinkered when steaming, as found 
necessary by the chief; generally not less than once in twenty- 
four hours. The method employed is to turn the fire on one 
half the width of the grate over on to the other half; the clinker 
is then cleared out and all the fire turned over on to the clean 
side, whereupon the remaining clinker is withdrawn. It is not 
found necessary to sweep the tubes of boilers when under way, 
all that is done being to sweep the soot out of the smokeboxes, 
through the sliding doors in the smokebox bottoms. 

Fresh water is taken from shore whenever possible. The 
storage for ship's use is as much as 110 tons in some cases. 
There is no considerable reserve of fresh water for the boilers, 
and sea water is sometimes used, though the general practice is 
to supply fresh water " make up " from the evaporator. 

The list of spare gew carried is quite as extensive as in the 
K.N. vessels, and includes a spare length of tail shafting and a 
crank shaft that will fit either the high-, int.-, or low-pressure 
engine. 
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Befitting. — ^The manual work of refitting is apportioned as 
follows : — The second engineer arranges and generally super- 
intends the work to be done, he also musters and controls the 
men, and completes the stores up to the allowance. The third 
engineer examines the pistons, cylinders, and slide yalves. The 
fourth engineer opens out all shaft and connecting-rod bearings. 
The pumps at the back of the engines and the auxiliary machinery 
are overhauled by the assistant engineers, who are under the 
more direct supervision of the second ; the latter would generally 
see all the " leads " taken from these bearings. 

(In a good many steamship lines the harbour work is appor- 
tioned differently: — ^The second engineer examines and opens 
out the cylinders, pistons, and slide valves. The third opens out 
and examines all journals. The fourth overhauls the air pumps 
and the other pumps at the back of the engines. The assistant 
engineers overhaul and examine the auxiliary machinery.) 

During the annual survey, assistance is given to the ship's 
staff by probationers on the sea staff and engineers from the 
factory ; more especially to carry out the examination of the 
auxiliary machinery, and also, when the ship is dry docked, to 
carry out the examination and refit of the underwater fittings, 
valves, and kingstons. 

Composition of Watches. — ^When steaming, the number of 
men in the engine-room of one of the larger ships is — ^besides 
the engineer — two greasers, the senior on the bearings, and the 
less experienced man on the middle platform to look after the 
guides, link gear, and rod glands j> one greaser on the electric 
light machinery, one on the refrigerating machine, one on the 
hydraulic-pumping engine, and one on the fans supplying air to 
the boilers under Howden's system of forced draught. 

Composition of " Native " Staff. — In the P. and O. service 
these greasers and the firemen are all " natives." In the stoke- 
hold there is a chief fireman or ** serang," and three, leading 
firemen called '^tindels," one for each watch. The ''serang" 
keeps no regular watch in the large ships, but in the smaller 
ships the ** serang " and two " tindels " keep the three watches 
and assist the junior engineer of the watch. The engineer 
directs the " tindel " to alter the check valves if the water levels 
are not kept properly ; to avoid confusion the actual adjustment 
is always performed by one man. In addition to these headmen 
there is also a coal trimmer '' serang," who is usually from 
Zanzibar. The two "serangs" go on watch with the second 
engineer. The " tindel" has nothing to do with the feed pumps, 
which are managed entirely by the engineer. 

The winchmen employed on the auxiliary machinery are 
entered as such, and are always Europeans. 
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CHAPTER IV. 

PROCEDURE FOR RAISING STEAM.* 

On the Day Previous. 

Boiler-rooms. — Take the dampers down from the uptakes of the 
boilers to be used, or open them if they be fixed in hinges ; open 
the dampers in the funnels to be used, and take off the funnel 
covers. Examine the fire bars, renew them if necessary, and 
see them properly spaced. If the ship is to be steamed at full 
power, there should be greater air space between the bars, an 
object effected by removing two or more bars and widening the 
intervals. The wing bars should always be close to the furnace 
side, to prevent overheating of the sides. In the case of cor- 
rugated furnaces a special pattern of bars is carried, the bar 
being moulded to fit in the corrugations. The air spaces at the 
sides may, with advantage, be less than in the centre of the 
grate. Examine the brickwork of the bridges, <fec., and make 
good any defects. Ascertain that the proper opening for the 
passage of the hot gases is left in the furnace throat, should the 
bridges have been repaired. This space is about one-fifth the 
grate area. Prime the fires ; run, or pump, the water level to 
about half-glass in each boiler. Olean the water-gauge glasses, if 
dirty, and see that they are properly packed, and that the cocks 
are free. If the test cocks on the boilers appear partially choked, 
withdraw the screws fitted for the purpose, and clear the coclcs 
by poking wires through the bore. 

Try the feed pumps, by the auxiliary steam, if possible, and 
work all suction and delivery cocks. 

Try the steering engine and gear under auxiliary steam, 
if practicable. 

Oil the bearings of fan engines, and give them a run. 

See that the necessary fire irons and shovels are provided and 
are efi&cient. 

Examine the tops of the boilers and see that nothing inflam- 
mable has been left there by the workmen. 

Air the coal bunkers to be used, by opening the doors and 
taking off the lids on deck. 

* The author desires to acknowledge his indebtedness to Engineer 
Commander F. T* George for the form of the routines given. 
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To Prime the Fires. — Beinove the fine, dusty coal, which 
always runs out when a bunker is first opened after coaling. 
This coal can be burnt, at convenience, later, but is not suitable 
for priming fires. Fires should be primed with small lumps of 
coal from a bunker which has been in use. 

This task is performed by spreading lumps, about 3 to 6 ins. 
cube, uniformly over the bars. In the furnace mouth coal and 
broken firewood is piled nearly up to the furnace top, and to 
light up it is only necessary to place a few shovelfuls of live coals 
next to the firewood, or the firewood may be dispensed with if a 
more plentiful supply of live coal is at hand. 

See that no loose gear has been left about which would carry 
away in a seaway. Everything should be properly secured. 

Trim all the oil lamps for lighting the gauges, those for use in 
the coal bunkers, and those on the bulkheads. Clean the globes 
of electric light lamps, if fitted. 

See that the hose required for damping the ashes are rigged in 
place, and that there is an iron pail in each stokehold for the 
same purpose. 

See that the necessary coal buckets and fire irons are uniformly 
distributed. 

If possible, work all the boiler mountings, but particularly the 
safety and stop valves, to ensure that none are seized in place. 
Open the air cocks on the boilers. 

If the ship is at the jetty, and good fresh water is available, 
fill up the reserve feed tanks. 

In the EngLoe-room. — Prepare all worsteds for use, see that 
those requiring it are washed in soda water, and that all are 

properly wired and weighted with 
small pellets of lead to prevent 
them working through the oil 
ways. A sketch of a worsted is 
shown ; it should be of suffi- 
cient length. The wire is thrust 
into the oil pipe of the bearing, 
and the lead remains immersed 
Fig. 1. — Worsted for lubricator in the oil. 

P^^- Oil down all bright parts liable 

to be splashed by water. 
Prepare all engine-room lamps. 

Overhaul and oil the indicators, fit the proper springs on the 
pistons, adjust the strings, put the indicators in place. 
Connect up the revolution counters. 
Try all auxiliary engines, by steam, if possible. 
Work the iplet and outlet valves of the circulating engines, 
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Try all bulkhead and regulating stop valves that can be safely 
moved without admitting steam to the engines. In closing 
these valves they should only just feel their seatings, and should 
on no account be jammed* tight, or they may set fast when 
heated by the steam next day. 

The engineer will see the main engines oiled and turned 
through a revolution by the turning engine, or as much as con- 
venient by the hand gear. 

Oil the slide valves, and move them by the hand reversing 
gear. Oil the weigh shaft bearings. 

Take out the hand reversing gear and put in the steam gear. 

Take out the turning gear for the main engines. 

Rig a hose in each engine-room to supply water to a hot 
bearing in case of such an emergency. These hose are generally 
attached to the fire main. 

See that the friction brake in the screw alley, if fitted, is slack 
and free. 

The above preparations, when carried out, should be reported 
tp the head of the department. 

Forced Draught Working. — If the boilers are to be worked 
under P.D., with closed stokeholds, the following points should 
be observed on the day previous to lighting up : — 

The air-gauge U-tubes should be examined, cleaned, and filled 
with the water required. 

The doors of all air-locks should be cleared and rigged. 

The fans should be carefully oiled, adjusted, and tried by 
fiteam. 

The louvres at the openings of the ventilation trunks, in con- 
nection with the bunkera in use, should be closed, to prevent 
coal dust being blown through by the S.H. air pressure on to 
the upper deck. 

Ships lying in the " Reserve."^ — A few days previous to raising 
steam in any ship which has been lying in reserve, the following 
precautions are to be taken : — An examination of the following 
parts, and all the gear in connection witti them, is to be made ; 
and whenever possible they are to be actually worked to test 
their fitness for service, viz. :— 

All boiler mountings; slots of internal steam pipes; main 
stop valves, throttle, expansion, and slide valves ; auxiliary 
slides, blow-through valves, relief and escape valves ; starting 
gear; hand and steam ; sea suction and discharge valves in con-^ 
nection with condenser, main engine pumps and auxiliary pumps ; 
all shaft couplings, nuts, keys, <fec.; all important holding-down 

*Art. 382, Steam Manual, 
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bolts and other fastenings of machinery are to be examined and 
carefully sounded. Water is to be let into the condensers to 
ascertain the condition of the tubes. Pistons, junk rings and 
fastenings, and nuts and guards of rods are to be examined. 

Example of a Boutine for Iiighting Fires and Baising 
Steam in Tank Boilers. — The time allowed to raise steam in 
a boiler of from 14 feet to 18 feet in diameter varies, according 
to the practice of the Chief, from six to twenty-four hours.* 

It can be effected with safety in six hours in a commissioned 
ship, if the following routine be carried out; the routine is arranged 
so that the boiler shall be gradually and uniformly warmed, and 
supposes that the men are thoroughly familiar with the machinery. 

(It will be found of great benefit to post a copy of this, or a 
similar routine on a notice-board in a conspicuous part of the 
engine-room) : — 

Sequence of Duties — First Hour, — (1) See that the water level in all 
boilers is at tJie right height, and that the test cocks are clear and properly 
opened. (2) Open the air cocks on the boilers and lift the safety valves 
sughtlj, to enable the warm air to escape. (3) Ld^ht the bottom nres ; as 

Ereviously mentioned, firewood is not necessary if a sufficient supply of 
ve coal is at hand. It is worth while to light up one or more boilers 
earlier to provide Uve coal for the remainder. (4) If there is no pressure 
in the main steam pipes open the main stop valves on the boilers half a turn ; 
the water lying in the pipes can then drain back to the boilers. If there 
are no separate au^dliary stop valves on the boilers, some part of the main 
steam pipes will be already under pressure from the boiler in use for 
auxiliary purposes ; the mam stop valves on the steam pipe so a£feoted 
should not be opened until the pressure in the boilers is equal to that in 
the steam pipe. (5) See that all pressure gauge cocks are open. (6) Before 
lighting fires, open all drains on main steam pipes and valves, and leave 
open until steam begins to blow through. (7) When steam blows from the 
air cocks, close them and the safety valves also. (8) See that the tumins 
gear for the main en^nes has been taken out. (9) Open the inlet and 
outlet valves and sluices for the circulating water supplied to the main 
condensers, and see that the spindles turn with the handles ; these latter 
are often secured by pins which have been found sheared on some occasions. 
(10) Slack away the funnel guys. (11) Examine all lubricators; see that 
they are filled and all plugs removed from the oil pipes; see that all 
worsteds are in readiness. X>o not forget to prepare the beaxings in the 
screw alley. (12) Open the hot well delivery valves and the suction and 
delivery valves of the feed pumps, and also any intermediate vaivefi on the 
feed pipes. It is as well to see that the sea suction valves of the auxiliary 
feed pumps are properly shut, and that the suction valves from the reserve 
fresh- water tanks are open. (13) Remove all gaskets placed to keep dirt 
out of the bearings, and also all other temporary covers which have the 
same object. 

Second JIour,^{l) light the top fires. (2) Open the steam-jacket 
admission and drain valves, half a turn, to warm and clear the steam 
jackets. (3) Examine the crank pits and clear away all obstructions from 

*In cases of necessity, the time required oiin be considerably shortened by the 
extended use of firewood as fuel. 
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the machinery ; see also that the bilge suctions from the pumps are clear 
o¥ dirt. (4) See that the friction brakes in the screw alley are loose. 

(5) Examine and tighten the check screws on all the crans head and 
gudgeon bearings and the set nuts and split pins of the eccentric sheaves. 

(6) From this time forward, allow no one to get into the crank pits, and 
keep everything clear of the moving parts of the machinery. (7) Start the 
drain tank engine as soon as steam is available. 

Third Hour, — (1) Spread the bottom fires. (2) Try the water gauge 
glasses and test cocks on the boilers as soon as there is steam enough. 
(3) Open the valves slightly on the main steam pipes which admit steam to 
the engine-room main steam pipes. Open all drains on the main engines, 
and try and save the discharged fresh water, by using the alternative 
connections and not those leading to the bilges. (4) Start the main circu- 
lating engines as soon as steam is available. (N,B. For the precautions to 
be observed in starting small engines see Harlxmr DtUiea. ) (5) Open the 
water-service inlet valve and try if the water-service pipes are clear. 

Foiirth Hour. — (1) Spread the top fires. (2) Open the steam-jacket 
admission valve so that more steam is available for warming the main 
engines. (3) Work the equilibrium, manoeuvring, and auxiliary starting 
valves. (4) Put steam on the reversing engine and run the slides up and 
down from time to time. Leave the equilibrium valve rather slack on its 
seating. 

FiJVi Hour. — (1) Open the bulkhead and master stop valves. (2) Try 
all the feed engines (sooner, if there is sufficient pressure). (3) Lift 
all safety valves by the hand gear till they are heard to roar; send a 
responsible man on deck to count the blasts to make sure that the valves 
lift on each boiler. (4) Put the engine tell-tales in gear. (5) Work the 
engine-room telegraphs. (6) See that the locking bolts in the rudder head 
have been taken out. (7) Prepare and try the capstan and steering 
engines. Put steam on the syren and whistle ; drain and try them. Report 
in detail to the chief engineer that these duties have been carried out satis- 
factorily. (8) Slack back the stem glands the requisite amount — that is, 
until water drips through them. 

Sixth Hour.^l) Open the boiler stop valves the requisite amount. 
There is less risk of primins if these valves are opened no more than is 
necessary. (2) Open wide the bulkhead and master stop valves at least 
one hour before the engines are moved. (3) Put all worsteds in the oil 
pipes about half an hour oefore moving the engines. (4) Pump out the main 
condensers just before moving the engines, to ensure that the air pumps are 
not drowned, otherwise the inertia of the column of water to oe moved 
may carry away the pump bucket or connections. (5) Keep all the drains 
leading from the main engines open until the ship is under way, in case 
any water comes over at first from the boilers or steam pipes. (6) Obtain 
permission from the chief and then try the enmnes, a few revolutions only 
each Way ; avoid putting way on the ship. Start the engines as slowly 
as possible ; do not open the regulating or throttle valve more than half a 
turn, and use the manoeuvring valve, if fitted. Use the auxiliary starting 
valves to test their condition. Remember that if there is any accumulation 
of water in the steam pipes or cylinders, it may cause much damage if 
suddenly put in motion. (7) Adjust the funnel guys. 

The engineer responsible should personally see all these 
duties carried out. Especially must he supervise the connecting 
up of boilers. 
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Log the essential points of this routine in the engine-room 
register, and the time at which they were carried out. 

Notes Concerning the above Routine. — If it is not possible to 
open the main stop valves on the boilers on lighting up, as 
when no auxiliary stop valves are fitted on the boilers, then the 
main stop valves should be eased half a turn in the fifth hour, 
when the steam pressure has probably risen to the working 
pressure in the boiler in use for auxiliary purposes. If a stop 
valve is found jammed, do not allow a " samson " to be used on 
the wheel, but proceed as follows : — Slack back the gland round 
the valve spindle and squirt oil through the gland, which, 
however, must not be released from the studs or stuffing box. 
Endeavour to free the spindle gradually by repeated motions, 
thus enlarging the arc through which the wheel turns. Tap the 
outside of the valve box to set up a vibration whilst moving the 
wheel. If, in consequence of expansion, the screwed spindle is 
jammed between the thread in the bridge and the valve seating, 
the nuts on the studs securing the bridge must be slacked back. 

If the wheel and sleeve screw of a self-closing valve move back 
and the spindle does not follow, the spindle may subsequently 
be violently driven back by the steam. To prevent this acci- 
dent make sure that the spindle is free and moves back 
gradually with the sleeve. A piece of brass plate bent into a 
U may be placed around the spindle between the wheel and the 
T head of the spindle, so that the wheel forces back the T head. 

The average time taken to raise steam in boilers of difierent 
types is as follows : — 

Cylindrical tank boilers with return tubes, 6 to 12 hours. 
Cylindrical boilers with continuous tubes, 8 „ 

Locomotive boilers, . . . . . 6 to 8 „ 
Water-tube boilers with large tubes, . . 2 „ 

Water-tube boilers with small tubes, . 2 „ 

Boilers of steam boats (locomotive type), . 2 to 3 „ 
The time required in the case of water- tube boilers is that 
required to warm the engines. Steam can be raised in some of 
these boil e IS in thirty minutes. 

Baising Steam in Water-Tube Boilers. — Steam at working 
pressure can be raised in these boilers in one hour or less, 
observing that if there is any new brickwork the boilers should 
be warmed more slowly. It is, however, advisable, under 
ordinary circumstances, to allow at least three hours for 
warming up the main engines. If the circumstances are ex- 
ceptional, and the ship is not moored, the time required for 
preparing the engines for sea can be considerably shortened 
(to one hour or less) by keeping the main engines hot by means 
of a small steam supply from those boilers alight, the necessary 



PROCEDURE FOR RAISING STEAM. S7 

preparation being thus reduced to the work of raising steam 
in the additional boilers required for steaming. 

The number of boilers ordinarily in use for harbour purposes 
is not sufficient to supply the extra steam required to warm 
up the main engines (if these latter are cold) and further to 
provide for the additional requirements of the boat hoist and 
capstan engine, and it is generally necessary to light up 
additional boilers to be ready for these services. 

The total time required to prepare for sea, if the circum- 
stances are not exceptional, is, therefore, from three to four 
hours ; and the following routine is suggested for a ship with 
Belleville or similar boilers. It is assumed that two, boilers 
will be alight for harbour service, and that two additional 
boilers will be required for warming main engines, and two 
more for working the boat hoist, capstan engine, main circu- 
lating engines, &c. : — 

Check over the preparations to be made on the day previous 
to sailing, see p. 31, et aeq. 

First Hour, — Open the air cocks on the boilers to be lit up to warm main 
engines ; place the cocks of the pressure gauges in the blow through position. 

Lift and close the safety valves before lighting up. 

Light the fires at the middle furnaces of the boilers to be used for 
warming main engines. 

Open the drains on the steam pipes and stop valves. 

Ease the main steam stop valves on the boilers lit up, and all large stop 
valves in the run of the main steam pipes connected thereto, including the 
engine master valves, leaving them just off their seatings. 

Open the suction and delivery valves of the feed and not- well pumps. 

Tighten up any boiler hand-hole doors which have been removed for 
examinations since the boilers were last used. 

Close the air cocks, drain valves, and pressure-gauge cocks when they 
blow steam. 

Second Hour. — Light up the middle fires of the boilers to be used for 
the capstan engine, &c. , taking the precautions detailed in first hour. 

Spread the fires in the first two boilers lit up. 

Try. the water gauges on the boilers, test cocks, and feed pumps as soon 
as there is sufficient steam pressure. 

Examine and clear crank pits, and examine and try check screws and 
nuts, split pins, &c. , on the bolts of bearings. Open the inlet and outlet 
valves of the main circulating engines. 

Fill all lubricator boxes and examine worsteds. 

Remove all gaskets from bearings. 

Warm up, drain, and start the main circulating engines, and try the 
air cocks on the centrifugal pump casings. 

Open the steam-jacket drains, also those of the engine steam valves, 
cylinders, and slide-valve casings. Open the jacket steam valves slightly. 
Start the drain tank pump. 

Open out the stop valves of boilers to be used for warming up the main 
engines. Open the drains on the capstan engine. Open the stop valves 
and drain cocks of the capstan engine and warm it up gradually. Try the 
capstan engine. 

Open out the auxiliary exhaust pipes on both auxiliary condensers. 
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Open out the steam supply and drain cocks, and warm up and try the 
boat-hoist engine. 

Third Hour, — Light the centre fires of the remaining boilers to be used 
for steaming, observing the precautions previously detailed in first hour. 

Spread the fires in the Doilers for capstan engine, &c. , and connect to 
auxiliary, when the steam pressures are equal to that in the auxiliary pipe. 

Open out the steam valves to the cylinder jackets. 

See that the locking bolts are withdrawn from the rudder head. Examine 
the controlling gear shafting (see Art. 127, 8.M,), Warm up and try the 
steering engine and helm indicators, and try the telemotor gear. 

Slack back the stem gland and open the water cock thereon. 

Open the inlet valves on the water service and wash through the pipes, 
discharging the water inte the bilge. 

Keep the main condensers pumped out until the main engines are running. 

Warm up the reversing engine and run the links to and fro to try the 
valve rods, &c., and to assist in warming the main engines. 

Test the spindles and gearing on the equilibrium, manoeuvring and 
starting valves with caution. 

Open the relief cocks at the backs of the equilibrium rings on the flat 
slide valves of the main eneines. 

Fix up the indicators and gear on the main engines. 

Try the automatic feed gear of all boilers lit up. 

Fourth Hour. — Spread the fires in the remaining boilers lit up. 

Try the engine-room telegraphs and syrens. 

Put in all worsteds. 

Ease and open out the boiler, main sectional, and bulkhead stop valves 
of the steaming boilers, and those of the auxiliary boilers, as the steam 
pressure becomes equal to that on the main engines. Open out the 
master valves to the main engines. 

Try the main engines, after permission has been obtained and a final 
look round has been made. 

Adjust the funnel guys. 

Warm and try the fan engines and air blowers required for use. 

Test the automatic blow-ofi^ gear on the main separators. 

When connecting-np boilers to the engines, the operations of 
opening oat must be carefully thought out to prevent any possi- 
bility of an accumulation of condensed water in a run of cold 
steam pipes (see p. 81). 

To try the engine-room telegraphs, send a responsible man, an 
engineer if available, to work the lever on the bridge pedestal. 
The telegraph should be worked from **Full speed ahead" to 
" Full speed astern," and then to " Half speed ahead " followed 
by " Half speed astern," and so on in a definite order, so that 
the engineer in the engine-room can follow the motions and see 
that the hand on the engine-room dial correctly registers the 
orders ; the handles on the pedestal should be moved through 
an angle sufficiently large to ring the gongs and attract attention 
below. In recent telegraphs, one turn of the actuating wheel 
on the bridge moves the pointer through one division on the 
engine-room dial. 

When trying the steam syren and whistle it is as well to see 
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that no one is near the apparatus, as a considerable quantity of 
scalding water is often discharged if the drainage of the steam 
pipe supplying them has been imperfect. 

Routine for Connecting up the Steering Engine. — Connect up 
all the shafting, and see that no clothing or other gear is hung 
on the shafting, or is likely to foul the mitre wheels. 

Put steam on the engine to warm it, and open the drains. 

Put the indicators of all the controlling boxes amidships by 
means of the steering wheels. 

Connect the hand steering gear ; take out the locking bolts in 
the rudder head. 

Put the helm amidships by means of the hand steering gear. 

Set the indicator on the engine controlling-box amidships, by 
turning the engines by the hand lever. 

Connect up the steam steering gear and try it. 

Take out the hand steering gear when the ship is clear of the 
harbour. Warn the attendant to keep clear of the hand steering 
wheels whilst they are connected. 

The following form will be found a convenient and reliable 
method of transmitting to the Department the necessary orders 
regarding raising steam : — 

H.M.S. " " 



Obdebs fob Raising Stbam. 



.day, tJie of, 189. 



and Light Fires in Nos Boilers at m., 

Watch to be called at m. 

Capstan Engine to be ready for use and reported to Senior Engineer 

at m., and afterwards to the Commander. Telegraphs, Whistle, 

Syren, and Steerine Engine to be ready and reported to Chief Engineer 
at m. by Mr , Assistant Engineer. 

Funnel Guys to be seen at proper adjustment by , Chief Stoker. 

Try Check Screws of Crank and Orosshead Nuts in Watch. 

Examine Crank Pits and clear up all loose gear in Watch. 

[Line for Special Orders.] 

Drain Engines and Steam Pipes carefully. 

Carry out the routine, as posted on Notice Board, strictly. 

Main Engines to be ready for trial at 

Bunkers to be used as follows : — Starboard, Port, 

These Orders are to be initialed by 

Messrs. N., M., &c., Engineers. 

CE.Ki.A. for E.R.As. 

Ch. 8. for others concerned 

and returned to me. 

(Signed) M. or N., 

Engineer. 
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Getting Underway. — Leave all drains open until the engines 
have run about 200 revolutions. If there is much starting and 
stopping, it will be as well to leave the low-pressure cylinder and 
slide-valve drains open to the condenser until the ship is clear of 
the harbour; they have little or no effect on the vacuum when run- 
nine, and the practice will ensure that the cylinders are drained. 

& starting the engines do not be hurried nor give excited 
orders; the evolution requires smartness, but it is part of the 
ordinary routine, and it should be taken as a matter of course 
that the engines will obey the levers if properly moved. Give 
the link time to run over before opening out the steam regulating 
valve and endeavour to open out smartly to such an extent that 
the engines will move off steadily. If the engines stick, do not 
open out the regulating valve wide before trying the effect of the 
auxiliary starting valves ; the result of such a hasty action will 
probably be damage done to the air-pump gear, or to the piston 
and piston-rod, through the engines bursting off at speed. 

The starting of some engines needs experience only to be 
gained by practice, but in general the routine should be some- 
what as follows : — 

1. Answer the signal from the bridge and run the Unk into full gear. 

2. When the link is over, open out the regulating valve. 

3. If necessaiy, use the auxiliary starting valves. 

4. If the engines do not start, run the link quickly to full gear astern 
and back to ahead (or vice verad), and again use the auxiliary starting 
valves. 

5. Telegraph to the stokehold. (This can be done by an attendant. ) 

On first starting the engines, station an attendant with a long, 
clean tar brush and syringe to supply oil to all the piston and 
slide-valve rods. 

When the ship is clear and the engines are mnning at the 
speed ordered the following acyastments should be made : — 

1. Regulate the supply of circulating water to the main condensers* 
The temperature of the feed water in the hot well should be about 120° F. 
A higher temperature can be attained by reducing the amount of circulating 
water, but the packing of the condenser tubes might suffer. The tempera- 
ture of the feed water in the feed tanks can be raised, with advantage as 
regards economy in consumption of fuel, by leading the discharge from the 
jackets and eva^rator steam coils into the feed tanks ; but the feed pumps 
may begin to give trouble when the temperature is over about 130° F., 
unless special arrangements are made (see Feed Heaters). 

2. Adjust the pressure in the steam-jackets, and see that the jacket 
drains are clear and opened sufficiently. 

3. Adjust the water service for the bearings. At moderate speeds no 
water should be required in any of the bearings, but it is usual to wash the 
outside of the eccentric straps and the outside cover of the thrust block 
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with, a steady and constant supply. The new pattern open thrust block 
with horseshoe collars should need no cooling water, 

4. Adjust the speed of the feed pumps. 

5. Rig suitable temporary splash plates, firmly secured, in front of the 
cranks and eccentrics, to maintain the cleanliness of the ensine-room* 

6. Make a round of the bearings and ascertain personally that all are 
running cool. 

. 7. Visit the stokeholds and inspect the water-gauge glasses. Try the 
test cocks. See that the fires are of the proper thickness, and the draught 
plates adjusted to uniformly distribute the woiic amongst the boilers. 

8. See that the particulars of starting and stopping are copied correctly 
into the engine-room register. 

Lead of Cylinder- and Slide -casing Drains.— The Admiralty 
specifications order the various drains to be led as follows : — The 
drain pipes are to be carried to the bottom of a switch cock. 
From each switch cock pipes are to be led, commnnicating with 
the auxiliary exhaust pipe and bilge for the high- and inter- 
mediate-pressure cylinders, and with the steam side of the main 
condensers and bilge for the low-pressure cylinders, non-return 
valves being fitted on the pipes leading to the bilge from the 
low-pressure cylinders. The pipes should be so fitted that there 
is a continuous downward lead to the discharge. The handles 
of all these cocks are to be brought into such positions that they 
can be conveniently worked from the starting position. 

It is important that the drain pipes from each cylinder should 
have a separate lead. If the cylinder- and valve-casing drains 
are joined into one pipe the diameter should be correspondingly 
increased. It may well be that much of the difficulty experienced 
in starting certain main engines is due to the accumulation of 
water caused by bad drain arrangements. In two separate cases, 
to the author's knowledge, such difficulty has been removed by 
an increase in the size of the drain pipes together with the 
arrangement of leads specified above. It is a well-known fact, 
that auxiliary engines will not start at all until the water, 
accumulated in the auxiliary steam pipe and cylinders, has been 
removed by a continued use of the hand turning gear, by means 
of which the water is pumped into the drains or into the 
auxiliary exhaust pipe by the steam piston. 

Working up to " Pull Speed." — ^When the telegraph is put 
to full speed, the engines should be worked up gradually, the 
speed should be increased at regular intervals, and the conditions 
of lubrication adjusted as required. In this way the boiler 
attendants have time to increase the rate of combustion, and, 
consequently, the supply of steam to the extent required. If 
the speed be increased too rapidly the increase of ebullition in 
the boilers may cause them to prime, owing to a sudden re- 
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duction of steam pressure, and the engineer will find himself 
compelled to slow down whilst the fires are being shaken up 
and the steam pressure restored. 

More care is required with cylindrical return-tube boilers, 
which are not capable of such rapid changes in the rate of com- 
bustion as are the types of boilers known as " water-tube/' 

The speed of the engines cannot be increased for a lengthened 
period unless the fires are thickened and quickened. The 
increase of speed should, therefore, follow the improvement of 
the fires. 

"When working up to full speed for the purpose of running a 
trial, it is usual to take from one to two hours in the process, so 
that everything may be examined and adjusted to secure favour- 
able conditions. The link is set in its proper position and then 
the speed of the engines is increased by opening out the stop 
valve, by successive increments, as the pressure rises. 

The above remarks do not apply to "express** water-tube 
boilers, which hold a so much smaller quantity of water that the 
pressure can be regulated with great facility, and speed can be 
increased or decreased in a few minutes. 
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CHAPTER V. 

DUTIES OF A STEAMING WATCH— ENGINES. 

It will be found of considerable benefit to post a set of orders 
under this head in the Engine-Room. 

The duties and responsibilities of the engineer officer of the 
watch are alluded to in Arts. 134 to 139 of the Steam Manual. 
They comprise : — 

1. The responsibiUty for the efficient working and proper management 
of the machinery and Doilers in use. 

2. The control of the men employed in the department. 

3. The supervision of the expenditure of the necessary stores. 

4 Entering a record of the working of the machinery in the engine-room 
register. 

On Taking Charge. — The engineer about to take the charge 
of a watch is to satisfy himself by a careful personal inspec- 
tion — 

(a) That all bearings are working well and are in a proper state of 
lubrication. 

(h) That the water in the boilers is at the proper working height, and 
that the density does not exceed the Umit allowed. 

(c) As to what cocks and valves are open. 

{d) The depth of water in the bilge. 

To carry out this inspection the relieving officer should be in 
the department before the time appointed for relief, so that he 
may be prepared to take over watchkeepii)g duties promptly 
and punctually. The relieving engineer should carefully read 
the entries made in the register since his last watch, and should 
receive from the officer on watch an account of the working of 
the machinery^ especially with regard to difficulties encountered ; 
and he should also carefully note any orders which have to be 
carried out at future appointed times. 

It is usual to hang up a list of such bearings as require special 
attention, in consequence of recent adjustments, for the informa- 
tion of the watchkeepers. 

Any orders received by the E.O. of the watch should be 
written in the register for the information of the successive 
relieving officers. 
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All defects of parts of machinery should be entered on a 
proper list, which will be available when opportunity arrives to 
take work in hand. This list may be temporarily pasted in the 
register. Any undue heating of the rods or bearings should be 
entered in the register, and the attention of the engineer reliev- 
ing the watch should be specially drawn to the account. 

If any part of the machinery is not in its normal condition of 
working when the relief watch comes down, the "watch on" 
should stay down until the matter is put right. The engineer 
in charge of the "watch on" is responsible until his relief 
signifies that he has satisfied himself the machinery is in proper 
working order. 

The petty officers in charge of departments should, as soon as 
possible, report to the engineer of the watch that they have 
entered on their duties and found the machinery in proper 
condition. 

The engineer of the watch should go round all bearings at 
least once an hour and personally ascertain that they are cool 
and in a proper state of lubrication. A soapy lather issuing 
from the bearings is a good sign of efficient lubrication, but the 
lather should not be too stiff; at certain speeds it is beneficial to 
supply a little water to the journals to thin the oil and prevent 
a stifi" or thick lather being formed. The splash thrown out by 
a bearing furnishes a good idea of the condition of internal 
surfaces not accessible to the touch ; the fluid so splashed out 
should be thin and milky in appearance, and the engineer 
should be careful to notice any increase in its temperature. 
Undue heating of a bearing can be readily detected in this way. 

Considerable dexterity is often displayed by the stoker when 
feeling the moving parts, such as the crossheads, crankheads, &c. 
The engineer should also acquire this dexterity, but considerable 
care is required in the operation, and many personal injuries 
have resulted from careless procedure. 

Rods which look bright after being oiled are in good working 
condition ; oil applied to a hot rod becomes blackened by heat, 
and the peculiar penetrating smell of burnt oil will be detected. 
The origin of a smell of burnt oil should be immediately 
investigated. A bent piston or slide rod is sometimes first 
betrayed by the fact of its working warm. 

"Water Service. — The amount of water required by bearings 
depends on the particular set of engines. Most engines of 
modern construction require very little or none in the bearings 
when running below half power. The outside of the eccentric 
straps and the outside of the thrust block are kept cool by water 
jets, which are generally beneficial, even at low speeds. At high 
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speeds a little water in the bearings will serve to thin the oil 
and prevent a thick lather being formed ; the consumption of 
oil is also not so great under these circumstances. A very little 
water is sufficient, just enough to cause the ejection of a milky 
spray ; an excess of water will wash the oil out and cause the 
bearing to heat. The question of the amount and nature of the 
lubrication required by a bearing is peculiar to the particular 
bearing, and these peculiarities should be thoroughly understood 
both by the engineer and the immediate attendant. 

Lubrication of Bearings. — The oil cups of lubricators require 
special attention. They may become filled with water, splashed 
from the bearings or leaking from rod glands, and the oil con- 
tained will float on the water — thereby producing the appearance 
of a full lubricator. To prevent the supply of oil being dimin- 
ished by this cause the E.O. should dip his hand in the lubricator 
and observe the appearance of its contents as the liquid runs from 
his fingers. The water present may be withdrawn by inserting 
a syringe to the bottom of the oil cup. To prevent the displace- 
ment of the oil from this cause, the caps of lubricators in exposed 
positions should be kept in place on the oil cup, and should be 
withdrawn only for examination or replenishing. The pipes 
leading from the oil boxes to the bearings should be examined 
from time to time, as they are liable to be displaced, especially 
during such times as the engines are under repair. These pipes 
should be washed through, at intervals, with soda solution^ being 
taken down for that purpose. The bearings of the shafting in 
the screw alley are generally lubricated with tallow ; if the 
tallow is simply placed in the box, which generally has no 
bottom, it will rest on the revolving shaft and will be wajstefully 
expended. A good plan is to fit a tin bridge in the box, on 
which the tallow can be placed ; the amount expended can then 
be regulated u> the requirements of the bearing. 

The water dripping frbm the stem gland should be tested 
from time to time; if it is warm, open the circuit cock and 
increase the flow through the stern tube. The stern gland 
should be so adjusted as to freely drip salt water of a tempera- 
ture a little above that of the sea. 

Many of the bearings on a set of engines are now lubricated 
from one central oil box, accessible from the top platform and 
generally secured to the cylinder. At one time this oil box was 
fitted with a number of cocks, through which the oil dripped 
into funnels made in the top of the oil pipes leading to the 
various bearings. It was found, however, that the drip was not 
constant, and the more recent plan is to supply the oil by meana 
of worsteds arranged so as to give a visible drip. A means is 
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provided of shutting off the supply ; for this purpose a long plug 
is fitted with holes corresponding to each oil pipe ; by turning 
the plug through 90°, all the drips are stopped. 

This arrangement gives greater control over the supply of oil, 
and there is less danger of an isolated oil cup being overlooked. 
In this manner, rubbing surfaces, moving in a vertical line, are 
lubricated — such as the crosshead bearings, the guide surfaces, 
and the glands of piston- and slide-valve rods. All branches 
from lubricator boxes should be clearly marked to indicate the 
lead of the pipe and the part supplied. 

The crank-pin bearings are generally supplied from centrifugal 
lubricators, which are particularly convenient for the hollow 
crank pins of fluid compressed steel now used in the best class 
of work. The oil is supplied to an annular copper saucer, the 
rim of which curves over to form a recess, made in two halves 
bolted together around the shaft and secured to the crank arm. 
The supply pipe from the oil box conducts the drops of oil into 
the open annular recessed rim. By the centrifugal force due to 
the rotation of the crank, the oil is thrown against the curved- 
over outside rim of the copper vessel, and so through a neck-piece 
led along the crank arm and joined to a pipe running along the 
hollow pin into proper holes bored through from the surface of 
the crank pin. The same fitting is also employed to lubricate 
the eccentric-strap bearing. This device is supplemented by an 
oil cup fitted high up on the connecting- or eccentric-rod, from 
which a pipe runs down to the bearing ; in such an arrangement 
the radial acceleration tends to whirl the oil away from the 
bearing, and the weight of oil in the pipe is relied upon to over- 
come this influence. This arrangement is useful at slow speeds. 
The oil pipe supplying the centrifugal lubricator should be care- 
fully adjusted so that it does not rub. The author has seen a 
case where this oil pipe had cut through the inner flat side of the 
centrifugal lubricator, and it was evident that the end of the pipe 
was bearing hard so that no oil was supplied to the crank pin. 

The engineer should pay particular attention to the worsteds 
in the oil cups. They may be accidentally displaced or be of 
unsuitable length ; worsteds wiH sometimes work their way 
down the oil pipes into the bearings, where they will be found 
filling up the oilway. This accident will involve the opening 
up of the bearing to clear the oilway when the ship reaches 
port, and may result in a hot bearing due to insufficient hibri- 
cation. 

Lubricating Oil for External Use. — Owing partly to the 
high and increasing price of olive oil, the Admiralty have, to a 
certain extent, substituted rape-seed oil in its place, and have 
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directed that a mixture of 60 per cent, rape seed and 40 per cent, 
mineral oil shall be tried for external use. 

Economical Expenditure of Oil. — Leaks in the oil cups 
should be noted and promptly repaired, since they cause a 
wasteful expenditure of oil. The amount of oil used can easily 
be doubled by a very small drip. If the oil cup cannot be taken 
down at once and repaired, the leak may be temporarily stopped 
by a pellet of red lead applied outside the cup. Oil cups should 
be formed of solid castings, not of soldered sheet metal. 

When a lubricator is fitted with a compartment for water, as 
well as one for oil, it is important that the division should be 
water-tight; otherwise the oil is floated out by the heavier fluid, 
and, for this reason, oil and water should never be supplied 
together to the same cup. 

Oil need not be thrown away because it has passed once 
through a bearing. Many small engines are now built so that 
the connecting-rod and shaft are enclosed in a chamber in which 
the oil is allowed to accumulate, and the crank therefore works 
in a bath of oil which must pass many times through the bearings. 
In Parsons' turbo-generator the same oil is continuously pumped 
around the bearings of the turbine shaft. It is often possible to 
devise an arrangement by which the oil can be collected as it 
escapes from a bearing. A very efficient filter for waste oil can 
be made out of several thicknesses of flag bunting ; the filtered 
oil can safely be used over again. 

When cutting oilways in sliding surfaces remember that their 
true use is to act as channels for the supply of oil, and not to 
form reservoirs only. 

The following plans for the economy of oil were described by 
Mr. W. Wilson, formerly chief engineer in the P. & O. Company's 
service, in a paper read before the Institute of Marine Engineers 
on February 24, 1891 :— 

" A trough is sometimes provided below the eccentrics, into 
which they dip at every revolution. The trough is generally 
filled with a mixture of water and oil ; it is replenished by the 
oil and water draining down the rods from the glands and oil 
cups. A small drain cock is fitted so that a surplus can be 
drawn off and so prevent splashing. This arrangement has been 
found a certain cure for many bad-running eccentrics. A shallow 
packing gland may be fitted at each end of the thrust block, if of 
the old closed type. A gutterway is cut along the bottom half 
of the block, through the stationary collars, and not extending 
right through to each end ; this gutterway becomes filled with 
oil, and so the shaft collars run in an oil bath. Plug holes are 
provided to draw off dirty oil. 
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"Another system consi&ts in fixing a trough at each end of 
the block, on the bottom half, and extending as high as the 
centre of the shaft. The outside ends of the trough are formed 
of a light brass strip, bearing lightly on the shaft, but forming 
a joint half-way round so that the oil cannot escape. From the 
side of the forward trough, about 2 inches from the top, a pipe is 
carried round the front of the block to the bottom of the after 
trough, so as to give as great a droop to the pipe as possible. 
By this means the oil, after working through the block and 
reaching the forward trough, is sent back to the after one by 
gravitation. It may be observed that the oil is always travelling 
in a thrust block to the forward end. The working of the oil 
troughs is improved by fitting a light strip of brass on the top 
cap, in such a position that it just touches the after shaft 
collar and lies at such an angle to it that the oil picked up 
by the collar is diverted into the bearing, along the brass 
strip." 

Thrust Collars. — If the oil be conducted to the rubbing 
surfaces at a point very near the shaft, it will be distributed 
outwards by centrifugal force ; on the other hand, if the oilway 
be led in near the outer circumference of the shaft collars, the 
inner area may be insufficiently supplied with lubricant. Fig. 2 
shows a well-lubricated thrust collar. 

Thrust bearings require special attention under certain 
conditions. Thus the intensity of pressure varies as the 
I.H.P. -r- speed of ship. Consequently, if the I.H.P. remains 
constant and the speed is decreased, then the intensity of pres- 
sure increases and additional lubrication is required. These 
circumstances occur when one ship is towing another, when 
steaming against a head wind or currents, and, more particularly 
during basin trials, when the ship is secured to the shore. 

liOad of Oilways. — In order to secure good lubrication in a 
bearing, it is essential to provide a thick film of lubricant 
between the rubbing surfaces, and to keep it there ; or other- 
wise, if it is not possible to prevent leakage, it is necessary to 
renew the wastage. The coefficient of friction of a bearing is 
decreased by thickening the lubricating film ; this may be 
demonstrated by flooding a face plate with oil and placing a 
second face plate of smaller size upon the first. At the moment 
the oil is inclosed the film of oil is a thick one, and the upper 
face plate can be moved with the greatest ease. As, however, 
the oil is slowly pressed out from between the surfaces, the 
resistance to motion increases rapidly. The same efifect is 
familiar to everyone who has flooded the bearings of a hand- 
power machine with oil. 
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towards the free edges of the cap. It was found that the 
intensity of pressure varied over the bearing, being a maximum 
at the crown, and that columns of oil of varyiug heights were 
supported in oil pipes whose orifices were led to different points 
of the circumference of the journal. Various methods of sup- 
plying the oil were tested, and showed that the maximum 
intensity of load which could be carried before the bearing 
seized varied with the mode of lubrication, other conditions 
being the same. Thus, when the oil was supplied by a pipe led 
to an oil way cut in the crown of the brass and parallel to the 
journal, the bearing seized at 100 lbs. per square inch. When 
the oil was supplied to two similar oilways cut in the horns of 
the cap and parallel to the journal, the bearing seized at 380 lbs. 
per square inch. When the oil was supplied by a pad touching 
the open under side of the journal, a load of 550 lbs. per square 
inch was reached ; and, finally, when the under surface of the 
journal ran in a bath of oil, the bearing did not seize till a 
pressure of 620 lbs. per square inch was attained. 

The following table is an abstract of some of the experiments 
conducted by the above committee : — 

Conditions : Horizontal journal lubricated by a bath of oil 
touching the under side of the journal. A cap was pressed down 
on the journal, the nominal load being 520 lbs. per square inch. 
Temperature, 90"* F. 



Speed of 

Rubbing in ft. 

per minute. 


117 


S09 


MS 


814 


see 


419 


471 


Remarks. 


Olive oO, . . 
Sperm oil, 
Rape oil, . . 
Mineral oil, . 


•0008 
•0015 
•00095 
•00123 


•001 
•0017 
•0010 
•00189 


•0012 
•0018 
•00115 
•O015 


•0018 
•0019 
•00125 
•0016 


•0014 
•0020 
•00133 
•0017 


•0015 
•0021 
•00142 
•00178 


•0017 
•0021 
00148 

... 


Seized at 520 

lbs. 
Seized at 578 

lbs. 
Seized at 630 

lbs. per sq. 

in. 




Values of coefficient of friction ^f. 



If R X r is the resisting moment, then R =/;? A, where p is 
the pressure on the journal in lbs. per square inch. 

A is the area of the bearing = length x diameter. 
r is the radius of the journal. 

It was found that the coefficient of friction in the bearing for 
an oil pad was six times, and for a syphon seven times, the 
value of the coefficient for an oil bath, 
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The results found for a journal with a cap bearing under a 
load constant in direction and magnitude cannot be taken as 
applicable to the bearings of a marine steam engine where these 
conditions do not hold ; on the contrary, the crankhead, cross- 
head, eccentric, and main bearings are subject to a load which is 
constantly reversed in direction at each stroke of the rods 
attached; the brasses are thereby alternately pressed against 
and withdrawn from the journals. If the means of supply of 
oil is suitable and sufficient, an opportunity is thus afforded in 
each revolution to cover the surfaces with oil and renew the 
wastage of the film before the pressure is subsequently reapplied; 
this action undoubtedly occurs, as is proved by the fact that the 
connecting-rod brasses of some large engines have run well 
without any oilways in the rubbing surfaces, though the omis- 
sion can only be characterised as bad practice. 

In marine engines, it is usual to fit the oil pipes to deliver at 
the top of the bearing; that is, in vertical 
engines, through the crown of the brass, 
as shown at a, a, Fig. 3. If there are 
two oil-supply pipes, as shown, it is better 
not to put them in communication, in 
order to avoid the free passage of the oil 
down one and up the other, as may some- 
times be observed when filling the oil 
box of a main bearing. To this end, the 
oilways can conveniently be made to 
overlap, and so avoid the occurrence of 
a biare strip of rubbing surface. The 
bottom brass shows oilways designed to 
be fed from the clearance space in the 
horns of the brasses. The white metal 
or brass rubbing surface is not generally 
continued up the horns of the bearing, 
the pressure being taken on the crowns 
only, but it is essential to continue a 
narrow circumferential bearing strip at 
each end of the brass right up to the 
butting edge, as shown at c, c, in order to 
reduce the amount of oil squeezed out. 
To enable this boundary strip of white metal to be secured, a 
dovetailed recess should be cut or cast at each end of the brass 
around the circumference of the part of the horn left bare, the 
white metal filling this recess being made continuous with the 
layer over the rubbing surfaces. If the liners between the butts 
of the brasses were also made with a narrow circumferential 
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rubbing strip at each end of the brass, thus forming a continuous 
boundary at each end of the journal, it may be anticipated that 
less oil would be lost from the bearing, and that the necessary 
thick film of oil would be better preserved. 

The groove or oil way b b, Fig. 3, is not usually cast in the 
lower brass itself, though experience has proved it to be of 
considerable benefit; this groove may be cut in the white metal, 
if the layer is thick enough to obviate any risk of splitting, but 
the better practice is to cast the groove in the brass, when it 
can be undercut to secure the white-metal layers efficiently. 
It should be mentioned that a certain amount of end play is 
necessary in all journal bearings to prevent the formation of 
circumferential grooves and corresponding ridges, which latter 
might produce excessive friction if suddenly displaced. 

Supply of Oil. — The oil should be supplied to the bearings 
under a certain " bead " or pressure. To this end, centrifugal 
lubricators are largely used, and are to be preferred to gravity 
pipes wherever they can be fitted. If the oil supply is furnished 
by worsteds, the oil boxes should be placed as high as is prac- 
ticable above the bearings, and the oil pipes should be led into 
the solid brass without any interval to break the *' head." 

The amount of oil supplied by a worsted varies greatly with 

the level of oil in the box. Some 

experiments carried out by Engineer 
Commander Ay res in H.M.S. "Pan- 
dora " showed that the supply of oil 
varied as 4:1, with a difference of 
level of I inch, from A to C in Fig. 
4. The experiments also showed a 
great difference in the rate of supply 
of olive as compared to mineral oil ; 
if the latter oil is largely intermixed 
with olive, the worsteds should con- 
sist of about twice the number of 
strands required for olive oil, and 
the oil pipes should be of a cor- 
responding larger area. 
It follows that the steady supply of oil to a bearing depends 
very greatly on the constant care and attention paid to the 
level of the oil in the boxes, and that the oil level should be 
maintained at a fixed point. 

It has been found economical and practicable to control the 
rate of supply of the lubricant by varying the level of oil in the 
boxes to suit the required power to be developed by the 
engines, For this purpose the oil boxes are fitted with a 
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sliding shutter, which is used to adjust the height of the over- 
flow from the box; the oil boxes are furnished with a continuous 
supply by means of a pump drawing from a tank to which the 
overflow oil returns. 

If a simpler, though less exact, method is desired, the supply 
of oil can be regulated to a certain extent by varying the 
number of strands in the worsteds according to the I.H.P. 
developed. Each oil box should contain a tin template, with 
notches cut to show the proper level of oil to be maintained at 
full, half, and slow speeds (see Fig. 4). 

Forced Lubrication. — Experiments made on the engines 
of torpedo-boat destroyers give reason to anticipate that the 
smooth working and small wear of rubbing surfaces experienced 
with electric light engines fitted with forced lubrication may 
also in the future be obtained by main propelling engines. In 
some electric light engines so fitted, it has been found that a 
quantity of oil has accumulated in the boilers, having been 
carried into the cylinders on the rods of the low-pressure cylin- 
ders. This trouble is minimised by feed-water filters and well- 
packed glands of good design, and can be prevented entirely by 
designing a longer piston-rod with more clearance space between 
the cylinder and the closed casing over the moving parts. 

For some further notes on oil ways, see Chapter XIX. 

Internal Lubrication. — Very little or no oil is supplied to 
the cylinders in modern practice, even with horizontal engines. 
It is found that the steam is sufficiently wet to ensure 
lubrication; especially is this the case with the cylinders of 
auxiliary engines. The author served in a first-class battleship 
whose auxiliary engines had no lubricators on the cylinders or 
slide valves ; they had been replaced by bolts screwed into the 
plug holes, and, throughout a three years' commission, these 
auxiliary engines ran perfectly, without any oil ; the cylinders 
were opened out frequently, cleaned, and oiled out with the 
palm of the hand. A little oil is, however, always carried into 
the. cylinders by the rods, and forms grease balls, which may be 
found in recesses such as those formed by the cylinder relief 
valves in the cylinder bottom. If these balls are allowed to 
remain they may choke the drain pipes ; they should, therefore, 
be removed whenever the manhole doors are taken off. 

Grunting of Slide Valves or Pistons. — If grunting occurs 
in the cylinder or slide valve the best method of lubrication is 
to apply a mixture of water, soft soap, and oil through the proper 
lubricating cocks. Very little oil is generally required in the 
mixture, and it is often advisable to try an application of water 
alone. The water so applied may cause a loss of economy by 
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increased condensation, but it is often more important to the 
engineer to keep the feed-water free from oil, which might even- 
tually be deposited in the boilers. 

Drains of Auxiliary Engines. — If no oil is used for the 
internal lubrication of the auxiliary engines the water discharged 
from their drain pipes can safely be collected and used. The 
loss of feed-water through the drain pipes of auxiliary engines is 
serious, and in a very large ship may reach 4 or 5 tons in the 
twenty-four hours. It should, however, be carefully ensured 
that such drain- water is free from grease before it is allowed to 
reach the boilers. It may be noted that no lubricators are now 
fitted on the cylinders or steam pipes of the fast running main 
engines of torpedo boat destroyers. 

Steam Traps. — The drain pipes from steam pipes and exhaust 
pipes are generally led to automatic steam traps. A common 
type consists of a brass box containing a floating vessel, which 
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Fig. 6. — Steam trap. 



latter carries a conical valve fitting a seating made on a long 
hollow sleeve communicating with a discharge passage in the 
cover. The float keeps the aperture in the cover closed until 
the drain- water, which collects around it, overtops the brim and 
causes the float to sink ; the valve then leaves the seating; and 
the water in the float is blown out by the steam pressure, where- 
upon the float is again borne up by the surrounding water. 

It is necessary to remove the cover and float, and thoroughly 
clean the grease out of the interior of the trap at quarterly 
intervals. 

The steam trap shown in the sketch is proportioned as 
follows : — 
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Steam pressure not to exceed 170 lbs. per square inch. 

Valve open : weight of empty float, 12 lbs. ; displacement, 15 
lbs. ; resnltant force to close valve, 3 lbs. 

Valve closed : weight of float when full, 26 lbs.; displacement 
and excess pressure on valve area, 19*6 lbs. ; resultant force to 
open valve, 6 '4 lbs. 

The composition of the brass is not less than 8 per cent, tin, 
not more than 5 per cent, zinc, the remainder being copper of 
good quality. 

Vacuum. — The engineer of the watch should pay attention 
to the amount of vacuum in the main condensers, A reduced 
vacuum is a fruitful source of loss of economy, and the cause 
should be investigated. The temperature of the feed- water 
delivered from the air pumps should be from 110° to 120° F., 
depending on the temperature of the sea water ; and the speed 
of the circulating pump should be adjusted to produce this 
temperature. If the feed- water is too hot it is probable that 
there is not enough circulating water, and the vacuum will 
suffer. If, on the other hand, the feed-water is cool and the 
vacuum is bad, the fault is probably with the air-pump valves, 
or may be caused by an air leak into the condensers. It is then 
advisable to go round all drain valves on the condenser, air- 
pump and exhaust-steam pipes, and see that they are not open 
to the atmosphere ; also, if the main circulating engine exhausts 
both to the main and auxiliary condensers, see that both exhaust 
valves are not open, and inspect the suction leading from the 
feed pumps to the condenser, if so fitted. Try the silent blow-off 
valve and the soda cock, and make sure they are shut. An 
imperfect vacuum may be due to leaky glands on the low-pressure 
cylinder, which need re-packing, or to a split in the low-pressure 
receiver pipe. In a certain case, an investigation as to the cause 
of a defective vacuum led to the discovery of cracks running 
round the bellows pieces provided for taking up the expansion 
and contraction of a low-pressure receiver pipe, ordinarily 
covered in by lagging. Examine the vacuum gauge, which may 
be defective or partially shut off; there are usually more gauges 
than one on which the vacuum may be read ; if they all show a 
low reading the vacuum is most probably defective. 

Air Pumps. — The glands of the air-pump rods generally hiss 
a little; they must not be tightened whilst running, except 
after consultation, for fear of heating the rods. The cups of the 
air-pump rod glands are generally kept filled with tallow, for 
lubrication and to secure air tightness. If these glands are well 
packed with gasket, very little of the tallow should find its way 
to the feed- water. 
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Density of Feed- water. — The feed-water in the feed tanks 
should be constantly tasted for brackishness; this is a fairly 
reliable test.* Should the water drawn off from the feed tank 
show a density as low as one- tenth; t or should it taste 
slightly brackish, it is necessary to take steps to ascertain 
the cause of the salt water leak. Such a leak, resulting in a 
rise in density of the water in the boilers, is generally occasioned 
by leaky condenser-tubes, and can then only be detected by 
opening up the condensers as detailed in the Chapter on 
Adjustments. There are, however, other causes, some of which 
may be found and remedied whilst under weigh. 

1. The sea-suction valve of one of the feed pumps may not be 
properly closed. 

2. The air pump may be fitted with an automatic spring- 
loaded discharge valve, delivering into the circulating water 
discharge pipe overboard. If this valve is leaky or is prevented 
from closing, salt water will leak back to the air pump during a 
temporary stoppage of the main engine. This automatic valve 
is fitted to relieve the air pumps of a glut of water on starting ; 
also for the discharge of the salt water admitted to the con- 
densers when the jet injection is in use. Jet injectors were 
formerly fitted to surface condensers, for use should the circu- 
lating pump be disabled. 

3. If the evaporator primes when the vapour formed is being 
passed into the main or auxiliary condenser, the density of the 
water in the feed tanks will rise, since the density in the evapor- 
ator is high. 

4. The supplementary salt water feed cock may be leaky. 
Duplication of Centrifugal Pumps. — Jet injectors are not 

fitted to surface condensers in modern practice. They have been 
superseded by fitting the main circulating engines in duplicate, 
in each engine-room, or in such a manner that the pump in one 
engine-room can be used for both condensers. This latter 
arrangement is particularly convenient for the following reason. 
The inlet for circulating water will often become choked by jelly- 
fish or seaweed, and the water discharged from the condenser 
will have a high temperature due to its insufficient quantity. 
It is very convenient, in such a case, to be able to shut the 
discharge outlet on the affected condenser and discharge the 
water pumped from the other engine-room through the choked 
inlet, thus washing out the obstruction. 

* Nitrate of silver, if added to water containing even a trace of salt, 
produces a cloudy white precipitate. 

t The hydrometer is so graduated that the density of sea water is 10 at 
200'' F. 
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Warm Bearings. — The causes of warm bearings are various. 

Firady, — The most frequent cause is probably the presence of 
dirt. To prevent an accumulation of dirt it is necessary to 
open the bearing and clean it from time to time, and to clean 
the oil pipes and cups ; also the lubricating oil should be clean 
and supplied through clean vessels ; if the engine-room be kept 
in a dirty state it is probable that the bearings will acquire the 
same condition. 

Secondly. — Warm bearings may be caused by improper adjust- 
ment ; cases from this cause are more frequent when the 
machinery is new and comparatively untried. In the case of 
moving parts, such as the crosshead and crankhead, it will be 
necessary to stop in order to re-adjust the bearing. 

Thirdly, — Warm bearings may be caused by insufficient lubri- 
cation. This implies that the oilways are not sufficient, or 
they may be improperly placed ; or the bearing may have been 
neglected. The two former reasons are not likely to apply to 
engines which have been some time in use ; but^ in new engines, 
an additional oil way or a better distribution will frequently 
produce a great improvement in the running. In the case of 
crank-head brasses the oil pipes should be led through the brass 
strip between the white metal areas ; if led into the latter the 
white metal may be forced into and choke the oil pipe. 

In the following remarks the author has endeavoured to give 
some advice to the inexperienced officer, but the case of a heated 
bearing cannot be generalised ; it can only be hoped that such 
an occurrence will not be very frequently experienced, as it calls 
for great judgment and may end unfortunately. The remarks 
as to the application of a hose are especially important, and a 
certain responsibility is incurred whenever a hose is applied to 
an overheated part. 

In the case of a bearing tending to warm up, act promptly, 
despatch a reliable messenger to the senior engineers to inform 
them of the emergency. The most usual treatment is to Hood 
the bearing inside and out with water and so wash all dirt out 
and keep down its temperature. When the temperature is 
reduced introduce a copious supply of oil and give the bearing 
special attention until its condition is normal. In the case of a 
shaft bearing it may be advisable to slack back the nuts on the 
caps securing the top brass, which can be re-adjusted later. It 
is generally possible to alter the distribution of the power 
developed by the various cylinders, and so ease a particular 
bearing without altering the speed ; this can be effected by 
running the link in or out and adjusting the main regulating 
valve correspondingly ; and it is advisable to take diagrams at 
convenient opportunities from the various cylinders, with the 
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special intention of finding the distribution of the work for 
various positions of the link and main regulating valve, keeping 
the total H.P. constant. 

It may be necessary to ease the engines altogether whilst a 
bearing is being cooled ; the chief engineer will generally have 
arrived in time to decide whether this course is necessary, and 
the proceeding should not be lightly undertaken as it reflects 
discredit on the department ; it is, however, sometimes abso- 
lutely necessary to ease down the best-cared-for engines. 

A bearing which is " running warm " should be given a more 
copious supply of oil, or should be fed through the oil pipes with 
a syringe from a bucket containing a mixture of oil, soft soap, 
and water, which has a specially soothing effect. The lubricator 
should be thoroughly cleaned out and replenished with clean oil 
before the special lubrication is discontinued. 

Mr. Denton, in a paper read before the Society of American 
Mechanical Engineers, 1890, states that journal brasses with no 
reciprocating motion wear in parallel grooves. Such grooves 
are not inconsistent with a low coefficient of friction. If the 
grooves are displaced by a slight movement sideways the friction 
is greatly increased. Accidental variations of smoothness, in- 
finitesimally small, may cause over-heating. 

The effect of applying a grinding powder to a hot bearing is 
to convert the bearing surface into a series of parallel grooves, 
and the oil is then better distributed. 

If a grinding material be applied to a cool bearing the co- 
efficient of friction is increased. In one case the coefficient rose 
from 00025 to 0-09, and the temperature rose from 95" to 100' F. 
The grinding material was 60 per cent, soapstone and 40 per 
cent, grease. 

The above paragraphs explain why it is important to increase 
the amount of lubricant supplied to the bearings on going 
astern, for it is evident that all the journals then shift in their 
brasses. The astern surfaces of the guides are generally of less 
area than the ahead, and it is advisable to use the water service 
upon them. 

Effect of Water Douche. — There is no great risk to be appre- 
hended from the supply of water to a bearing which is only 
beginning to warm up, and the engineer should apply his water 
service and hose promptly to prevent the brasses heating. On 
the other hand, an overheated bearing must be treated with far 
more consideration ; the sudden application of a hose in such a 
case may cause cracks due to unequal contraction. An over- 
heated bearing should be slacked back if possible. Experience 
alone will dictate the correct course, and the presence of the 
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chief engineer should be immediately procured, whilst, in the 
meantime, a free application of oil by syringe can do no harm. 

Hot Bods. — If a piston or slide rod is working warm, it 
should be freely lubricated by a tar brush and syringe from the 
bucket of soapy oil and water. An attendant should be kept at 
the duty. It is possible that the undue warmth may be caused 
by a tight gland which should be at once slacked back. The 
hose must on no account be played upon a hot rod ; the effect 
will be to cause the side of the rod cooled by the jet of water to 
compress the unexposed hot side. Consequently, when the rod 
subsequently returns to its normal temperature, it will be per- 
manently shortened on the side which escaped the water ; that 
is to say, the rod will be bent, and must be removed to the shops 
and straightened. The foregoing result has been produced in 
practice, and the imprudent treatment severely condemned. 
If a really hot rod is suddenly discovered the engines must be 
eased. Warm guide surfaces can be generally restored to their 
normal condition by a jet of water from a hose applied to the 
back surface of the fixed guide. 

Observation of Condition of Machinery. — The particular 
bearings which require adjustment should be determined whilst 
the engines are in motion. If a bearing is too loose it will 
knock at each end of the stroke. A knock can be located by 
the ear and sense of touch, but the best confirmation is obtained 
by flooding the suspected bearing from the internal water- 
service pipe. The effect of the water is to provide a cushion. 
The water is forced out at each end of the stroke in a spray, and 
the noise of the knock is no longer heard. Be careful to replace 
a sufficient quantity of oil in the bearing, after the water has 
been worked out, to compensate for that washed away. 

A loud knocking in the cylinder itself may be due to a loose 
piston ring. Open the jacket drains to make sure that there is 
no accumulation of water in. the jackets. If the noise is con- 
tinuous at different speeds it may be attributed to the piston 
rings, and may be temporarily avoided by opening the auxiliary 
starting valve slightly, and so increasing the amount of cushion 
pressure. On the first opportunity a thin paper liner may be 
inserted between the spring ring and junk ring. This liner 
will not be of permanent benefit, but will serve to show if the 
spring ring is loose. If the liner fitted be too thick, a leaky 
piston will result. To refit the spring ring it will be necessary 
to scrape the face of the junk ring and so let it down nearer to 
the spring ring ; it may be necessary to take a thin scrape off 
in a lathe, but such treatment will affect the fit of the spare ring. 
A knock in the piston may be due to the slacking-back of the 
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piston-rod nut, and consequent looseness of the piston on the 
rod, but it is more general to find the piston too tight on the cone 
than too loose. In modern practice the piston rests on a collar 
formed on the rod at the base of the cone. All large nuts are 
made of wrought iron to prevent them seizing on the steel rods. 
A knock due to a broken spring ring should be apparent on the 
first examination. A further cause for a knock in the piston 
of a vertical engine is sometimes traced to a radial movement of 
the spring ring. The defect may be remedied by fitting cod 
pieces quadrantially between the piston body and the ring. 

Pumping out Bilges. — A bilge pump should be kept con- 
stantly at work whilst the ship is steaming to pump out the 
bilges and crank pits. Such pumps have usually four or five 
suctions — namely, from the crank pits, the engine-room bilges, 
the stokehold bilges, the main drain, and the sea. 

The crank pits should not communicate with the engine-room 
bilges, because the oil in the crank pits must not be spread over 
the bilges. The stokehold bilges can be emptied into those of 
the engine-room by means of a sluice valve on the bulkhead, but 
since there is always a quantity of small coal in the stokehold 
bilges, it is usual to pump out the latter direct through the 
longer suction pipe. It frequently happens that the strainer 
over the suction pipe in the bilge becomes choked with cotton 
waste, or articles carelessly left in the bilge ; for that reason the 
strainer should be fitted in such a place that it can be easily 
examined and cleared. 

It is a difficult matter to clear the strainer in the crank pits 
whilst the engines are in motion ; and to meet such a case a 
tapped hole closed by a bolt is useful for draining a full crank 
pit into the bilge. If no such drain hole is available, the greasy 
water will be splashed over the plates by the revolving crank. 
Stokehold bilges need special attention because the fine coal 
dust stops the passage to the strainer, and it is continually 
necessary to clear the accumulation away. When the strainer 
is fitted behind the boilers, as is sometimes the case, it is practi- 
cally inaccessible whilst the boilers are in use, and in such a 
case the water must be drained into the engine-rooms. 

The latest practice with respect to stokehold bilge suctions is 
to form wells, recessed into the inner skin at the lowest part of 
the bilge ; these wells are about 18 inches diameter and 8 inches 
deep, covered by strainers 24 inches in diameter and 10 inches 
in depth. The suction pipe is led through the strainer and dips 
into the well, terminating 2 inches below the level of the 
bilge. A mud box is fitted in the suction pipe in such a manner 
that a rod can be introduced for clearing the pipe. Fore and aft 
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wash plates are fitted in the bilges to prevent the water from 
washing from side to side when the ship rolls. In ships with 
no inner skin, cement is laid in the bilges to give the water a 
run to the suction strainer. 

A very slight obstruction under the valves of a bilge pump 
will throw it out of action; ordinary wooden matches have 
frequently been sufficient, and for this reason the engineer must 
maintain scrupulous cleanliness on the engine-room plates. 

Steam Jackets. — The pressures in all steam-jackets should 
be watched and kept constantly at the designed amount. The 
drain valves require special attention, since, if water is allowed 
to collect in the jackets their usefulness is destroyed. On the 
other hand, steam should not be wastefully blown through the 
jacket drains. 

The pressures in the various jackets being of different magni- 
tude it is essential that they should be drained through separate 
pipes. The jacket drains are led into both the condenser and 
feed tanks, the latter is the better disposition on account of 
economy. The trials of the s.s. "lona,'* initiated by a committee 
of the Institution of Mechanical Engineers in 1890, showed that 
the feed- water in the tanks was heated from 106** to 157° F. by 
the jacket drain water, and the consumption of coal was thus 
reduced firom 1 '^G to 1 '38 lbs. per I.H.P. hour, a gain of economy 
of 5^ per cent. For the same reason the drain water from the 
evaporator steam coils should be led into the feed tanks near 
the bottom. If the water level in the tanks falls to the level of 
the entrance of these pipes considerable vibration is set up, and 
betrays the fact that the feed-water level is low. In modern 
engines the jacket drain pipes are each led through a receiver, 
fitted with a gauge-glass and a screw-down discharge valve, so 
that, with attention, no accumulation should occur in the jackets. 

It should be remarked that the drains from the steam-jackets 
and evaporator steam coils have been led into the auxiliary 
condensers in recent warships ; inconvenience has been experi- 
enced by the discharge of vapour from the open-ended overflow 
pipe fitted on the feed tank, and, in a warship, economy must 
often give way to expediency. In the older engines the jacket 
drain cocks must be adjusted by touch and ear; the pipes should 
be hot, but no rush of steam should be heard. 

If water be present in the steam-jackets in any quantity, it 
will often set up a loud cracking noise or series of reports in 
each stroke. The remedy is to open the drains wide and dis- 
charge the water and afterwards readjust the opening allowed 
in the drain valve. 

Jackets are often left out of use, either from a doubt as to 
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their economy or from fear of scoring the piston ring or liner by 
the use of dry steam. It is instructive to calculate the apparent 
amount of water used per H.P. hour from each of the diagrams, 
when it will often be found that even if the steam is dry in the 
high- or intermediate-pressure cylinders it is half condensed in 
the low-pressure cylinder. Under such conditions it need not 
be feared that the use of the jackets will be prejudicial. 

Economy of Steam Jackets. — In the Proceedings of the Insti- 
tution of Mechanical Engineers for 1889-90, a series of about 
fifty experiments on this question are reported. In no case has 
the employment of a steam-jacket resulted in a loss, whilst the 
saving of feed-water effected by its use is often from 30 to 40 
per cent., and generally between 10 and 20 per cent. The 
majority of these experiments were made on simple and com- 
pound engines, but in the following two cases, the details of 
which are here quoted, the engines were triple expansion : — 
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Engine. 


UavO» 


of Engine. 
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Jacketed. 










Inches. 




1 


Reynolds, . 


1889 


vertical 
inverted 


5, 8, 12 


All bodies, ends, 
and receivers. 


2 


Davey and 












Bryan Donkin, 


1889 


»i 


18, 30-6, 51 


All bodies, and 
ends. 



* 

S 
•s 

• 

1 

2 


Revolutions per 
minute. 


Piston Speed, 
feet per minute. 


No. of 
Expansions. 


w 

• 


Steam Pressure 


Total Feed-water. 


Jacket 
Water 

per H.P. 
hour. 


per square inch 
(gauge). 


Per H.P. 

hour 
lirithout 
Jackets. 


Saving due to 
Jackets. 


Boiler. 


Jackets. 


PerH.P. 
hour. 


Per 
cent. 


230 to 
299 

22-9 


383 to 

747 

137-4 


26-5 
30 


721 
138-0 


192 
130 


192 

111 


16-42 
17-22 


2-86 
1-77 


17-4 
10-3 


3-29 
1-72 



In the discussion which followed the above paper the following 
opinions were expressed : — 

Mr. Bryan Donkin said the steam should be dry at release to 
attain maximum efficiency, and the jacket should be used to 
attain this end. Professor XJnwini F.II.S., also stated that the 
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Paeticulars of Trial. 



Name of Ship. 


I.H.P. 

during 

the 

Trial. 


Lbs. of 

Steam 
Used per 

LHP. 

per Hour, 

for Main 

Engines 

only. 


Particulars 

as to 

Steam Jackets 

in Use.* 


Steam 
Pressure 

in H.P. 
Receiver. 

Lbs. per 
Sq. Inch. 

Atmos. 


Cut-oflF 

in 

H.P. 

Cylin- 
der. 


No. of 
Total 

Expan- 
sions. 


** Diana," . 


8,000 


17-75 
17-94 
17-67 


All. 

L.P. only. 

None. 


145 
143 
144 


•65 
•65 
•66 


6-4 
6-4 
6-4 


** Diana," . 


6,400 


18-06 
17-91 
17-84 
17-46 


All. 

LP. andL.P. 

L.P. only. 

None. 


121 
119 
117 
121 


-60 
-60 
•60 
-60 


6-8 
6-8 
6-8 
6-8 


" Diana," . 


4,800 


16-64 

16-8 

16-45 


All. 

LP. andL.P. 

None. 


128 
124 
127 


•42 
•42 
•42 


8-5 
8-5 
8-5 


"Diana," . 


s 

1,600 


17-6 
17-7 
19-2 


AU. 
H.P. and LP. 

None. 


76 

78-6 
80-6 


•26 
•25 
•26 


11-5 
11-6 
11-6 


** Argonaut," 


18,000 


16-64 
16-16 
16-75 


All. 

L.P. only. 

None. 


237 
242 
236 


•71 
-71 
•71 


8-6 
8-5 
8-6 


"Argonaut," 


13,500 


15-85 
16-87 
16-44 


AU. 
LP. and L.P. 

None. 


244 
234 
230 


•43 
•63 
•53 


12-5 
10-4 
10-4 


"Argonaut," 

1 


3,600 


16-32 
16-34 
16-26 


All. 

LP. only. 

None. 


164 
166 
168 


-27 
-27 
•27 


15-7 
15-7 
15-7 



The results of these experiments show that at powers above 
one-fifth of the full power the use of the steam jackets was 
attended by a loss of economy ; though there is evidence that at 
lower powers a saving is obtained by their aid. This latter 

* Only the barrels of the cylinders are jacketed. 
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conclusion was confirmed by repeated trials made in H.M.S. 
<' Diana" and ^'Hermes.*' It may be assumed that the jacket 
drains were very carefully attended to during these trials; it may 
very easily happen that the careless use of the jackets results in a 
considerable loss, if steam is blowing freely through the drains. 

The results of the above experiments should be considered as 
applicable only to engines of the Admiralty standard type ; it 
should be noticed that they are at variance with the large 
number of experiments made on other types of engines by the 
Institution of Mechanical Engineers. 

The Pressure in Steam Jackets. — As regards economy solely, 
it is desirable that the pressure in steam jackets should be 
greater than the initial pressure of the steam in the cylinder, 
since the object of the jacket is to keep the temperature of the 
cylinder walls not less than that of the entering steam. On the 
other hand, if no oil is used for internal lubrication, it is essential 
that the steam should be more or less wet, otherwise the sur- 
faces of the liner and piston ring will be scored. The result is 
that a compromise is made, and the jacket pressure is adiusted 
at as high a figure as is consistent witk smooth working. ^ 

Linking Up. — The best position of the link as regards the 
consumption of coal for a given number of revolutions is settled 
by experience ; at low speeds the engines are linked up to 
obtain the benefit of an increased ratio of expansion, but the 
exact position is obtained by trial, so that the engines work 
smoothly without shock or undue noise. The bearings are then 
protected from damage by the adequate compression of the 
steam in the clearance spaces. As regards economy the regu- 
lating valve should be wide open, so that the steam pressure in 
the H.P. chest is as nearly equal to boiler pressure as possible. 

In the best practice each reversing arm on the weigh shaft is 
slotted, and a block, actuated by a screw and wheel, moves in 
the slot. The drag links are attached to the block, the result 
being that each link can, to a certain extent, be independently 
adjusted. It will generally be best, when working below full 
power, to link up the H.P. engine to a higher degree than the 
others, by the use of the independent arm. The total ratio of 
expansion is thus increased, while the maximum opening of the 
I. and L.P. slide valve ports is not reduced to the same extent 
as if the links were moved by the common weigh shaft. There 
is then less loss by wiredrawing between the cylinders. In a 
well-designed gear the slot in each arm is so placed that it is 
approximately at right angles to the drag links when in full gear 
astern; the position of the block in the slot does not then affect 
the steam distribution. It is important that the block should 

5 
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be in fall gear when the engines are being used for manoeuyring 
the ship, otherwise there may be difficulty in starting them. 

The proper compression, as regards economy alone, is attained 
when the diagrams show a little loop at the junction of the 
compression and steam lines, indicating that the steam in the 
clearance space is compressed to admission pressure before 
admission takes place; experience has shown that the use of 
this amount of compression conduces to the economical working 
of the engines, and the Admiralty have directed that engines 
are to be so linked-up when the ship is cruising. As an 
example, refer to the diagrams taken from H.M.S. '* Powerful's " 
engines when working at 2500 H.P., each set, making a total of 
5000 I.H.P. for the two sets together (see p. 67). 

As a general rule, the engineer of the watch will have no 
occasion to permanently alter the position of the link unless 
orders are received for a change of speed during his watch, but 
it is advisable to drain the starting engine from time to time, 
and to let it run a few revolutions each way, to ensure that it 
will be ready for use should sudden orders be telegraphed to stop 
or go astern. This can generally be effected without altering 
the speed of the engines, and the link should be left as originally 
adjusted. Should gruntinff occur in the slide valves, it may 
often be stopped by giving the Unk a run and slightly varying 
its final position. 

Indicator Diagrams. — It is usual for the engineer to take a 
set of diagrams in each watch if the engines are running at a 
regular speed. If the indicators are not rigged in position it is 
necessary to thoroughly clean them before setting them up. 
The pistons must be well oiled, because a little friction will 
materially reduce the power recorded. The springs selected for 
each cylinder should be such that the diagrams are as large as 
possible, in order to reduce errors of measurement, and will 
depend on the power at which the engines are running, or rather 
on the mean forward pressure in each cylinder. The sketches 
given represent to half size, diagrams taken from the engines of 
II.M.S. '* Powerful," running at different speeds, and illustrate 
the various springs necessary. The springs supplied are care- 
fully tested and are reliable for general purposes ; but, for very 
accurate experiments it is usual to have the springs specially 
tested at the temperatures attained in practice. The string 
must be carefully adjusted, and should always have a sliding 
loop for this purpose; the revolving drum carrying the paper 
must not be brought up at either end by the stops, and the 
engineer should ascertain that it has clearance at each end of its 
oscillation; this is easily done whilst the drum is in motion. 
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If the dram brings up on the stop the end of the diagram will 
be too square, because the pencil performs a vertical movement 
whilst the drum is stationary. It is advisable to have an 
indicator on each cylinder, because it is an unpleasant business 
to shift one whilst hot, and the delicate mechanism may suffer 
from the awkwardness of the operation. 



H.P. cytr 







J. p. Cyl£ 




ForS L.P. Cyll 




Aft.L.P Cyl£ 




Fig. 6. (Total LH.P. of each set of Fig. 7. (Total I.H.P. of each set of 
engines, 12,500.) engines, 2,500.) 

Accuracy of Diagrams. — Before placing the paper in position 
connect up the indicator to both ends of the cylinder through 
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the mean pressure is very readily and accurately obtained 
by its use ; and it is particularly suited for trial trips and full 
power runs, when two sets of diagrams have to be worked out 
each half hour. The adjustment of the instrument requires that 
the axis of the wheel should be parallel to the centre line of the 
swinging arm; and the edge of the L piece in the upper left-hand 
corner must be in the same straight line as the centre line of 
the slot in which the pivot piece, W, slides. 

Steam Engine Efficiency. — The extensive subject of the thermal 
efficiency of steam engines is outside the proposed limits of this 
book. There are not many published reports of accurate trials 
made to determine the efficiency of marine engines. The best 
known are those made by a Research Committee of the Institute 
of Mechanical Engineers. The table on the next page is taken 
from the abstract made by Professor Hudson-Beare,* and is here 
given to afford a general idea of the efficiency of a marine engine. 

Sir John Durston states (Proc, InsL leaved Architects, April, 
1897) : — "In recent battleships, with 150 lbs. steam pressure at 
the engines, the mean coal consumption, at an average of 86*5 
per cent, of the maximum power in four vessels, was 2*25 lbs. 
on trials of eight hours' duration, and at 51*3 per cent, the mean 
results from seven vessels gave 1*73 lbs. per indicated horse 
power per hour on trials of thirty hours' duration. In recent 
second-class cruisers, also with 150 lbs. steam pressure at the 
engines, the mean coal consumption in six vessels, at an average 
of 85*8 per cent, of maximum power, was 2*18 lbs. on eight 
hours' trial ; and in nine vessels, at 51*1 per cent, of maximum 
power, it was 1*64 lbs. per indicated horse power per hour on 
thirty hours' trial." These engines are all of the triple-expansion 
type, and the steam is supplied by cylindrical, return-tube 
boilers. The results obtained on the trials of some ships with 
water- tube boilers are given in Table I., Ohapter I., and compare 
favourably with the above figures. 

S. S. " Inehmona.'* — The following particulars of the 
machinery and boilers of this ship are interesting. The makers, 
the Central Marine Engine Works Co., of Hartlepool, certify 
that the coal consumption is 1*15 lbs. per H.P. hour, and they 
have received a post delivery payment from the owners computed 
on that basis over a period of eighteen months' work at sea. 

Tjrpe of BoUers. — Two cylindrical, multitubular, return-tube 
boilers, single-ended, of Mr. Mudd's standard type (see Engineer- 
ing^ 1898). Working pressure 255 lbs. per square inch (gauge). 
Serve tubes and Purves ribbed furnaces. A steam superheater, 
which can be disconnected if required, is fitted in the uptake. 
* Proceedings of Inst, o/Mech, Engineers, 1894. 
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Method of Air Supply. — Ellis & Eaves' patent system of 
induced draught is used ; the air heater tubes are placed above 
the steam superheater. 

Aiudliary Machinery. — (a) The fan engine to supply the induced 
draught is one of Allen's compound engines. 

(&) The steering engine makes on an average about 18,000 revolutions in 
the twenty-four hours. 

(c) The electric light engines. 

(d) The air pump, circulating, main feed, and bilge pumps are driven 
from the mam engines. 

(e) Weir's feed pumps. These pimips draw water from the float tank 
and deliver through the feed heaters to the boilers. 

(/) An evaporator is fitted. 

The above auxiliary machinery is supplied with steam from 
the main boilers, and their steam and coal expenditure is, there- 
fore, included in the returns. 

Food Heating System. — The duty of the feed pumps on the 
main engine is to take the water from the air-pump hot well and 
deliver it through the Edmis ton's feed- water filters, and through 
the exhaust feed heaters into the float tank of the Weir's feed 
pumps. 

The feed-water receives its first increase of temperature from 
the exhaust steam passing from the L.P. cylinders to the 
condenser, thence it passes to a heater 0, in which it receives 
heat from the delivery of the drains from the jackets and 
cylinders, No, 3 and the two Nos. 4. The feed-water then 
passes to the heater B, in which the drains from the jackets and 
steam chest of cylinder No. 2 supply heat ; thence on to heater 
A, where the drains from the main steam pipe, and from the 
steam chest and jackets of the n.P. cylinder, supply sufficient 
heat to raise the temperature approximately to that of the 
boiler. 

Dimensions of Cylinders. — Diameters — No. 1, 17 ins. ; No. 2, 
24 ins. ; No. 3, 34 ins. ; Nos. 4, 42 ins. and 42 ins. Stroke, 42 ins. 
Diameter of all piston-rods, 4} ins. 

Partienlars of Jackets. — All the cylinders are completely 
steam-jacketed over the barrels, and top and bottom covers. 

The jackets also serve as re>heaters to the steam exhausted 
from cylinders Nos. 1, 2, and 3. 

Cylinder No. 1. — The jackets receive steam at full boiler 
pressure. 

Cylinder No. 2.— The jackets receive steam through a reducing 
valve set at 150 lbs. per sq. in. 

Cylinder No. 3 and the two L.P. cylinders receive jacket steam 
in common, through a reducing valve set at 90 lbs. per sq. in. 
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Effioienoy of Certain Land Engines. — The following table 
is given by Professor Unwin in a paper published in the 
Proceedings Inst C,E., vol. cxxii, 1895 : — 



Brobnt Engine Tests — ^Lowest Steam Coksumftion. 



Kind of Engine. 


LH.P. 


Boiler 
Pressure. 


Piston 
Speed. 


Lbs. of 

Steam per 

LH.P. 


Simple— 




Lbs. per sq. in. 




Per hour. 


Sulzer, . • • . 


284 


87 


372 


18-4 


Corliss, : • • • 


137 


62 


... 


17-5 


Compound — 










Dujardin, • • 


548 


90 


570 


13-46 


SuJzer, .... 


247 


85 


493 


13-35 


VVheelock, • 


590 


160 


612 


12-84 


Leavitt, • 


643 


135 


371 


1216 


Bollinckz, . • 


305 


91 


479 


12-19 


Triple— 
Willans, 










30 


170 


384 


12-74 


Sulzer, .... 


616 


141 


516 


11-85 


Allifl, .... 


574 


120 


203 


11-68 


Compound superheating — 
Schmidt, 










76 


180 


380 


1017 



Eoonomical Speeds.'^ — A very important point, especially in 
the engines of a warship, is economica] working at reduced 
speeds. It is found that, at certain speeds below the fastest 
possible, a ship can be steamed an increased distance per ton of 
coal. If, however, the speed be reduced below a certain point, 
the distance covered per ton of coal decreases. The speed at 
which the change from increase to decrease takes place is termed 
the " most economical speed," and is of service when the chief 
consideration is to steam the greatest distance for a given 
quantity of coal. It is always a very low speed, and is rarely 
higher than that corresponding to 12 per cent, of the full forced 
draught LH.P. The nature of this speed and the circumstances 
affecting it can best be examined by means of the accompanying 
diagram. The horizontal line O^ Xlj (Fig. 9) represents the speed 
in knots, or, to a different scale, the revolutions per minute ; 
lengths measured parallel to the vertical line O^Yj represent 
the consumption of coal per day, or, to a different sca'e, the 
consumption per hour for the main engines only. The curve 

* Abstract from a paper read at the U.S. Institution by Fleet Engineer 
Riley, R.N. 
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AB represents the consumption of coal per hour at any par- 
ticular speed, for the main engines only. 

Consequently, 1 is the distance steamed per ton of coal. 

From Oj draw a tangent O^Ej to the curve AB. Then the 

ratio J ^-, = ^ , and is constant for points on the straight 

line. The most economical speed is that represented by Oj L, 

because, at the point E,, the ratio — : — ^-^. is greatest. To 

^ expenditure 

prove that this is so, consider any other point F on the curve ; 

and draw F G, G N parallel to O^ X, O^ Y respectively. 

Now plot OjOg to represent the consumption of coal for 
auxiliary purposes, per day or per hour according to the scale. 

Then, taking total expenditure into account, the most econo- 
mical speed is found at the point Eg ; where On Eg is a tangent to 
the curve; the proof being exactly similar to that already given. 




Spm»d of Ship 



Fig. 9. — Speed and Coal Consumption Curve. 

Next, as regards the effect of a following, or adverse, current. 

If the current be adverse, set off a distance Og O to represent 
the speed of the current, or the equivalent number of revolu- 
tions, to the right of Oo. Draw a tangent O E. Then E is the 
point on the curve AB corresponding to the corrected most 
economical speed. 



74 £N6tNE-lt00M t^RACTlCfi. 

If the current is following, set off O^ O to the left of O^ and 
draw a tangent from O as before. 

Daily Beports to Chief Engineer. — The following reports 
should be made on a printed slip of paper to the chief engineer 
at 7.30 a.m. by the engineers of the morning watch : — 

Maximum density attained daring the night in each boiler. 

Condition of boiler gauge glasses. 

Condition of feed pumps. 

Amount of water m reserve feed tanks. 

Expenditure of make-up feed- water in previous twenty-four hours. 

Amount of coal in bunkers in use. 

Expenditure of coal in previous twenty-four hours. 

Engine-room Begisters. — The following information is 
recorded in the Engine-Room Registers in use in H.M. ships. 
They are designed for the records of one-quarter of a year. 

Every Hour. — Coal used for making good distance. Steam pressure at 
engines and in boilers. Air pressure in stokeholds. Number of revolu- 
tions per minute of port and starboard engines. Vacuum in inches. 
Distance run. 

Every Four Hours. — Density in all boilers by hydrometer. Tempera- 
tures of feed- water, of stokeholds, of engine-rooms, of coal bunkers, on 
deck, and of sea water. Direction and force of wind relative to ship. State 
of sea. Depth of water in bilges. Remarks by the engineer of each watch 
as to the working of machinery. 

Daily. — Recora of indicator diagrams, water made for boilers and for 
ship respectively. Amount of water in reserve feed tanks. Amount of 
feed-water received from shore. Number of boilers in use. Number of 
revolutions made. Expenditure of oil, for external lubrication, for internal 
lubrication, and for auxiliary engines. Result of litmus test of boiler 
water. Number of dynamos at work and period of working. Draught of 
ship forward and aft. Total distance run. Distance run for one ton of 
coal. Special remarks by chief engineer. Condition of boilers at midnight 
and noon. Numbw of hours fires were alight in steamboats. Description 
of coal used, quality of same. Expenditure of coal for making good 
distance logged, laying fires, banking fires and manoeuvring, for steam 
launch, for culinary purposes, and warming ship or boilers, for distilline, 
for electric light, for other auxiliary purposes. Total expenditure of cou. 
Amount of coal remaining on board at midnight. 

At the beginning of the register the following information is 
filled in : — 

I.H.P. of engines; load on safety valves of ship's boilers, of auxiliary 
boiler, of steamboat's boilers. Draught of water aft when screw is just 
immersed. Pitch of screw. Quantity of coal which can be stowed in 
bunkers and elsewhere. Consumption of coal at i, {-, ^, -f, and full power, 
and corresponding speeds of ship. Report of particulars of last full-power 
trial. Date when last undocked. 

Quarterly Abstracts. — The following information is abstracted 
in suitable pages at the end of the register : — 

Distance run under steam. Number of hours under way. Average 
speed, instance run with 1 ton of coal. Maximum speed of running. 
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tCzpenditure of coal under the headings detailed above. Expenditure of 
oil as detailed above. Total water made for ship and boilers respectively. 
Amount of water received from shore for boilers. 

Description of main engines ; name of manufacturer ; date of completion ; 
date of last thorough repair ; how long they will remain fit for service with 
such repairs as can be made by ship's artificers, or by those of an establish- 
ment on the station. 

Examinations of main engines made in the quarter. 

Examinations made and condition of the spare gear, and appropriations 
made of same. 

Present defects of main engines and whether requiring the help of a 
shore establishment to make them good« 

Similar abstract reports are made respecting the boilers, pro- 
pellers, and auxiliary machinery. In addition, the friction tests 
of shafting are reported ; the dates of the last drill tests and 
water tests of boilers, and the condition of the tubes, tube plates, 
and boilers generally, as regards scale. 

Special Boiler Abstract for Information of the Adimralty. — 
An abstract of the working of the boilers for the quarter is made 
and the particulars as to the zinc slabs fitted are given. Any 
reduction of load on safety valves is recorded, accompanied 
by the date and reason of any such reduction. The maximum 
density attained during the quarter, and the average rate of 
rise of density. The quantity of feed-water which can be 
carried. The number of tons a day which can be distilled for 
make-up feed-water. 

An abstract of the dates and matter of all correspondence, 
relative to the machinery, is kept in each current register. 
A page is provided at the end of the register for special 
remarks by the chief engineer of the ship, and the senior 
engineer officer on the station, as to the treatment and efiici- 
ency of the machinery. 

Additional Information required in Register. — The following 
information may be recorded, besides that given in the register 
as printed :— 

Time at which one coal bunker was emptied and another opened. 

Quantity of ashes hoisted in each watch. 

Quantity of water in reserve feed tanks at the end of each watch. 

Amount of water distilled for ship's use and boilers respectively in each 
watch. 

A report as to the condition of all gauge glasses and feed pumps at the 
end of each watoh. 
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Notations to be Made in E.-R. Registers of H.M. Ships.* 



When to be 
Made. 



Daily 



f* 
It 
ti 

t« 



Weekly 



99 

ft 



Monthly 
Quarterly 



•t 

»t 
t» 

ft 

»t 
tt 
t* 

tt 
ft 



Frequently 
Occasionally 



tt 
It 
tt 

t» 
ti 
tt 
It 
tt 

»t 
tt 



Art , Steam 
Manual. 



135 
151 
172 
224 
264 

495 
245 
766 
245 
498 

126 
223 

253 
665 

273, 256 

341 
124 

176 
197 

327 

284 
491 
122 

519 
680 

125 
173 
458 
118 
132, 133 
758 
764 
769 
174 
240 
254 

227 
308 



Subject. 



Men withdrawn ; cause to be noted. 

I.H.P. when under steam. 

Engines moved. 

Alkitlinity of boilers. 

Proportion of soda or lime used to weight of 
water in boilers which are in use. 

Employment of steamboats. 

Safety valve lifting gear worked each day. 

Temperature of coal bunkers. 

Safety valves lifted off seatinp[s e verv 10 days. 

Sluice, drain, and ventilatmg valves, and 
W T. doors worked. 

Telegraphs worked and condition noted. 

Density of water in boilers when not 
steaming. 

Adjustment of funnel guys (daily at sea). 

In red ink. Particulars of working second- 
class torpedo boats. 

Examination of boilers, slits dear, corrosion, 
zinc slabs, &c. Dates when last cleaned. 

Condition of chocks and ties. 

In each Register. Where si)are gear removed 
from ship is left. 

Condition of feed tanks and zinc slabs. 

In each Register. Indicator diagrams at 
different grades of expansion. 

Condition of zinc protectors of propeller 
shafts. 

Preservation of boilers in reserve. 

Tests of boats' boilers bjr water pressure. 

Cleaning and examination of spare geiar— 
dates. 

Test of air-compressing machinery— report. 

Occasions when steam was raised in steam- 
boats by steam from main boilers. 

Examination of auxiliary machinery. 

Examination of all internal parts. 

Consumption trials. 

Defects made good by dockyard. 

Representations of engineer officer. 

Quality of coal. 

Number of hours bunker lids off. 

Reasons if fuel-saving appliances are not used. 

Condition of I.R. valves. 

If boilers are used for trimming ship. 

Time between drawing fires and emptying 
boilers. 

Reason if cleaning of boilers is delayed. 

Examination of boilers by chief engineer of 
ship after drill test. 



As ordered by the Steam Manualf 1901. 
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Notations to be Made in E.-R. Registers of H.M. Ships (Continued), 



When to be 
Made. 


Art., Steam 
ManuaZ. 


Subject. 


Occasionally 


317 


Reason when load on safety valve is reduced. 


a 


330 


Friction test of propeller shafting when in 
dock. 






666 


When movable stays are removed. 






127 


Examination of steering gear by E.O. 




• 


222 


Sudden rise of density m boiler. 
Removal of water in boiler and density. 






226 






237 


Reasons for not keeping boilers full up. 






153 


Indications of air pressure gauges. 






129 


Occasions when closed exhaust is in use. 






196 


Reasons for low rate of expansion. 






461-474 


Reports of trials to be attached. 



STEAMING WATCH -BOILEBS. 

Visits to Stokehold. — The engineer of the watch should 
visit the stokehold frequently daring the watch ; he should find 
an opportunity of doing so at least once an hour. There is not 
so great a necessity for these visits when a junior engineer is 
employed in keeping watch in the stokehold, but this is rarely 
the case in n.M. Service. The following points should be 
attended to : — 

1. Water Level in the Boilers. — Try all, or as many as possible, 
of the gauge glasses personally, and verify the readings by using 
the test cocks. Notice the water level in all the glasses, and 
the condition and motion of the water shown. If the motion of 
the water be unusually sluggish, it is probably due to the 
presence of dirt in the connections, or of an obstruction caused 
by the packing rings of the glass, and should be immediately 
investigated and remedied; the connecting cocks should be shut, 
the packing rings removed, and a wire inserted through the 
screwed holes provided for the purpose, in order to clear the 
bore up to the cock. 

If the water in the boiler is clean, it is difficult to tell a full 
glass from an empty one by inspection; but if the top and 
bottom cocks be shut off, and the drain cock then opened, if the 
glass contains water it will run out. On connecting up, shtit 
the drain, then open the lower cock gradually; if the water level 
in the boiler is above the orifice of the lower connection of the 
gauge glass, water will be seen to ascend in the glass till it 
reaches a full glass. Now open the top connection very slowly; 
if the water level in the glass is not again seen, the level is above 
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full glass. The operation should be repeated for the sake of 
certaintj. Instructions for the ordinary test of a gauge glass 
are given later. 

2. Condition of Fires. — Look into the ashpits and see that the 
fires are uniformly bright along their length, and not dulled by 
clinkers at the back. See that the stokers are covering the fire- 
grate uniformly when supplying fresh fuel, and especially that 
the coal is not mainly supplied to the front of the grate, leaving 
the back bars thinly covered. See that the front dead-plates 
are kept clear of ooal. If the boilers are double-ended, instruct 
the stokers not to fire opposite frtmaces at the same time ; also 
if two furnaces have a common combustion chamber, which is a 
frequent arrangement, they should never be fired at the same 
time. See that there is no accumulation of ashes in the ashpits, 
or any other obstraction to a free draught. 

3. Condition of Feed Pumps. — Examine the feed pumps. Try 
the pet cocks to ascertain if there is a full regular stream of 
water. See that the nuts of the pump standards are secure. 
See that the glands are not leaking, and that the lubricators are 
properly filled. Try the auxiliary pumps. 

4. Coal Supply. — Notice the quality of the coal issuing from 
the bunkers. See that the water-tight doors of bunkers not in 
use are properly closed. The sill of the door is sometimes fouled 
by coal dust, so that the door is imperfectly closed^ in which 
position it is certainly not water tight. 

5. Density of Boiler Water. — See the density of each boiler 
tested in the course of the watch (see Steam lianucU, Art 223). 
If a delay occurs before inserting the hydrometer in the water 
drawn off, the temperature will be too low, and the hydrometer 
will show too high a density. Hydrometers are generally 
graduated to test water at 200*^ F., though some are graduated 
for 100* F. To test the density of water drawn off" from the feed 
tank, or from a cold boiler, it is necessary to heat the water to 
the temperature for which the hydrometer is calibrated. If a 
brass salinometer be used, it should be treated with great care, 
as, if dented, its displacement will be less, and it will register a 
false density ; for this reason the salinometer should be com- 
pared from time to time with the readings given by a standard 
glass hydrometer. The scales of glass hydrometers sometimes 
slip out of position after a certain amount of use. The standard 
hydrometers should be tested from time to time in water of 
known density ; for example, in water drawn from the sea, and 
properly heated. The water in the boilers should be tested 
once in twenty-four hours with litmus paper to detect any 
acidity. 



DUTIES OF STEAMING WATCH — BOILERS. 79 

Treatment of Ashes. — The engineer should see that ashes 
are properly damped and stacked in neat heaps in the stokeholds. 
Wet ashes shoulH not he heaped against the holler fronts, where 
the^ would cause corrosion of the front plates. Bulkheads, against 
which hot ashes have heen stowed, have heen known to warp. 
Ashes should be sent up in each watch, generally at six bells ; 
they should not be allowed to accumulate to such an extent as 
to be an obstruction to the boiler attendants. In some ports it 
is against the harbour regulations to throw ashes overboard ; in 
such a case they must be stowed in bags untU the ash barge 
comes alongside. 

Hydrometer Ooolcs. — Do not try to screw np leaky hydro- 
meter cocks, test cocks, or other similar boiler mountings, 
whilst the boiler is under pressure. Brass is very brittle when 
hot, and if the end of the screwed plug is broken off the plug 
will be blown out, and most of the water in the boiler will be 
wasted. If such an accident happens, draw the fires without 
delay j watch the water level meanwhile ; shut the stop valve 
on the boiler, and open the safety valves by the hand gear if the 
pressure rises above the working pressure. A sound plug should 
be inserted in the cock, as soon as possible, by enveloping 
the arms and hands in a wet sack and screening the rush of 
steam with a shovel. When the plug is secured, and the water 
level properly adjusted, the fires can be relaid and lit^ and the 
boiler, being hot, will soon be ready to be re-oonnected with the 
engines. 

Gktuge Qlasses. — Burst gauge glasses are frequently due to 
improper adjustment^ whereby the free expansion, which should 
ensue when the glass is heated, is obstructed. Improper adjust- 
ment may be caused by the mountings at each end of the glass 
being out of line, or by unsuitable packing, and also through 
the packing glands being screwed up too ti^t. The following 
hints for fitting up a glass are given by Mr. John Moncrieff in 
Engineeringt May 14, 1897. 

** First, a good gauge glass must be used, which should not be 
too full for the size of the gland. Second, a good rubber washer 
should be used, protected by a ply of asbestos twine on both 
sides ; and third, the glass should be movable by the finger and 
thumb after the glands have been tightened up. The steam end 
of the glass should be left a shade slacker than the water end." 

It may be added that the ends of the glass should be accurately 
square with the length, and that the refitted glass should be 
warmed gradually. Also that the stuffing boxes should be 
thoroughly cleared out before refilling them. It does not follow 
that there is plenty of water in the boiler because there is plenty 
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of water in the gauge glass, the passages may be choked. Empty 
gBMge glasses are sometimes mistaken for fnll ones, and explosions 
have resulted therefrom. Hence it is of importance to verify 
the gauge glasses frequently. Gauge glasses are sometimes 
mounted on stand pipes, which latter are connected to the 
steam and water space through intermediate cocka It is very 
necessary to keep both these cocks open continually, except 
when testing the cocks on the gauge glasses, at which time the 
method of double shutting off is necessary. Thus, to test the 
steam cock on the gauge glass, shut the water cock on the gauge 
glass and also the water cock on the stand pipe, and then blow 
out the glass. To test the water cock, shut the steam cock on 
the gauge, and also the steam cock on the stand pipe, and then 
blow through the glass. 

The Admiralty have directed that where cocks exist on pipes 
connecting the gauge glass mounting to the boiler they are to 
be removed; the routine for testing a gauge glass is then as 
follows : — Shut the bottom cock, open the drain ; if this blows 
properly the top cock is clear ; shut the drain and the top cock, 
open the bottom cock and the drain ; if the discharge is copious 
the bottom cock is clear ; shut the drain, open the top cock, the 
bottom cock being still open, open the drain to empty the glass, 
and shut the drain; if the water level takes up its position 
smartly the gauge glass is correct. 

It is not sufficient merely to blow through the gauge glass by 
opening the drain cock; the detailed test given above is urgently 
recommended. 

Faulty Feed Pumps. — If a feed pump refuses to heave; 
first start the auxiliary feed pump to supply the boiler and so 
relieve anxiety about the water level. Then see that the valves 
on the steam and exhaust pipes are open, also that the suction 
and delivery valves on the pump are not shut. The difficulty 
may be caused by the presence of hot vapour in the suction pipe 
and valve chambers ; cool the pump and pipe by throwing cold 
water over them from buckets. Tap the covers of the valve 
chambers to free the valves should they be sticking on their 
seatings ; and tap the cover of the check valve on the boiler for 
the same reason. A troublesome pump may often be started by 
opening the pet cooks and leaving them open for some little 
time. It may be possible to get the pump into working order 
by using it to supply a cold boiler in which there is no pressure. 
If the pump heaves to the cold boiler, but not to the one in which 
there is pressure, it is probable that either the valves or the 
plunger rings are out of order, and the pump chamber must be 
overhauled. Examine the valves first, as they are more accessible 
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than the plunger rings ; if the fault is discovered in the condition 
of the valves it may not be necessary to undertake the longer job. 

It sometimes happens that a pump refuses to heave against a 
pressure because the air in the pump chambers, &c,, is not dis- 
lodged, but is compressed at each stroke of the plunger, and 
afberwards expands as the plunger recedes. It is for this reason 
that it is advisable to try ^e pump on a cold boiler, into which 
the air may be expelled. 

Pumps are sometimes inefficient because the suction valves 
are too heavy, particularly if there is much "lift" from the 
suction tank. 

Shortness of Water. —If a boiler is allowed to run short of 
water, the rate of combustion, or rather the ebullition of steam, 
must be immediately checked. If the water level is below the 
top-heating surface, the matter is serious. The following steps 
should be immediately taken : — Close the uptake dampers, draw 
the fires, shut down the boiler stop valve and regulate the steam 
pressure by the hand lifting gear on the safety valves. If the 
water is not below the level of the top-heating surfaces, turn on 
the main and auxiliary feed pumps. If there is reason to suppose 
that the water is below the level of the top-heating surface, 
there is cause to anticipate an explosion ; for this reason the late 
Mr. Lavington Fletcher, of the Manchester Steam Users Asso- 
ciation, recommended that a test cock should be fitted at the 
level of the top -heating surface to enable the engineer to deter- 
mine whether it is safe to let the men stay to draw the fires and 
turn on the feed. He also recommended that the men should 
be withdrawn if the furnace crowns have commenced to bulge. 

As an alternative to drawing the fires, they may be drenched, 
if so fitted, or deadened by a quantity of wet ashes, if at hand ; 
also, it may be possible to dislodge the bearer bars by means of 
a heavy slice, so that the bars and fire are let down into the ash- 
pit. The author recommends that this latter evolution be first 
attempted when, on arrival in harbour, the order is received to 
"let fires out ;" if the fires are heavy, it is a troublesome opera- 
tion. It should be noticed that the level of the top of the 
heating surface is marked by an engraved brass plate fixed on 
the boiler front. 

When connecting up an additional boiler the stop valve 
should be opened out with caution, to prevent damage from any 
possible accumulation of water in the steam pipe brought into 
use. The drain cocks on the boiler stop valve and on the steam 
pipe brought into use should be open for some time before the 
stop valve is opened out. Ease the boiler stop valve a quarter 
of a turn of the wheel when the pressure in the boiler is equal 

6 
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to that in those boilers already in use ; about ten minutes later 
the boiler stop valve can be opened out to the required amount. 
In small ships with no auxiliary condenser, the air drawn off 
from a boiler, when it is first connected up, may affect the 
vacuum, and if any auxiliary engines are running on the vacuum, 
they may bring up in consequence of the reduction. A similar 
result may follow if the boilers be priming, the vacuum being 
affected by the heavier duty which falls on the air pumps. 

Priming.* — " The amount of wetness of the steam depends 
on (1) the activity of ebullition, (2) the area of the water surface, 
(3) the volume of the steam space, (4) the position of the boiler 
stop valves, and (5) especially on the quaJity and condition of 
the feed-water. Mr. Thomycroft has found, by using a boiler 
with small glasses in the ends, that water which causes priming 
produces foam on boiling. Water which is very bad produces 
bubbles so durable as to remain a considerable time without 
bursting, and the steam space of a boiler may be entirely filled 
with them. The discharge then consists of foam, which becomes 
broken up on passage through the steam pipes." 

With regard to tlie^^^ cause, priming is likely to occur if the 
boilers are being forced beyond their capability; and again, if 
the speed of the engines be suddenly increased so that the steam 
pressure falls quicker than the temperature of the water in the 
boiler. 

Secondly, — In a cylindrical boiler, a high water level usually 
means a decreased area of water surface, and consequently more 
violent ebullition of steam. It is for this reason that it is 
beneficial to adjust the water level at or about a quarter glass 
for full speed steaming. 

Thirdly, — It is evident that a high water level produces a 
decreased steam space. 

Fourthly, — The boiler stop valves should be so situated that 
they are in proximity to the driest steam. They are often fitted 
on a steam dome to remove them as far as possible from the 
water level. If an internal steam pipe is fitted, as is usual, the 
slots in it should be situated on the upper surface, and the steam 
pipe placed near the top of the boiler shell. 

Fifthly, — This is perhaps the most common cause of priming. 
It is well known that certain fresh shore water is not suitable 
for high speed steaming ; and boilers which have primed badly 
on trial have, after being washed out and refilled from a different 
source, shown no indications of priming. If the proportion of 
soda in the water is too high, priming is likely to result. It 

* Prof. Unwin on " Determination of Wetness of Steam*'* Proc^ In8t, 
Mtch, S,^ 1895, 
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frequently happens that the boilers of steamboats prime after 
they have been washed out with soda water. Mr. Thomycroft's 
remarks on the formation of bubbles suggest that soapy im- 
purities in the water are provocative of priming, and it may be 
remarked that the addition of soda to oily matter results in the 
formation of soap. 

The particular boilers which are priming may be recognised 
by the turbulent and broken condition of the column of water in 
the gauge glass. 

Should the priming be continuous and common to all the 
boilers, it will be necessary to check the speed of the engines 
and also the rate of ebullition of steam. Close the dampers, 
ease the fans, pump more feed-water into the boilers, both to 
check the ebullition and also because the water level is rapidly 
lowered by priming. As a further remedy, if there is a reserve 
of feed-water, clean the surface of the water in the boiler by 
means of the surface blow-out. In the engine-room priming is 
indicated by the separator gauge glass filling up rapidly, and 
also by the loud knocking and reduction of speed which is the 
consequence of water in the cylinder clearance spaces. In such 
a case the separator, if one is fitted, must be blown out, the 
drains on the cylinders and slide valves must be opened, and, if 
necessary, the speed of the engines must be decreased to mini- 
mise the risk of damage. 

If only one of a set of boilers be priming, the cause may be 
in the corresponding stop valve being opened too wide ; and, in 
this connection, it may be remarked that the stop valves on 
remote boilers should be opened about half a turn wider than 
those on boilers nearer to the engines, because the longer steam 
pipe offers more resistance to the passage of the steam. 

Stoking.'^ — The routine for stoking and cleaning fires is 
important as is explained in the following notes on "Com- 
bustion.*' A brief summary of the principal points to be 
observed is here given : — 

The utmost regularity should be observed in stoking. Each 
fire should be fed in rotation according to a recognised system. 
No two fires on the same boiler should ever be fed at the same 
time. The doors should be opened smartly and closed directly 
the fire is fed. The coal should be placed ready in a position 
handy for each fire. The thickness of fuel on the bars should be 
maintained as constant as possible ; about 4 ins. thick for easy 
steaming, up to 8 ins. thick with 2 ins. of air pressure. Fires 
should be cleaned in rotation. It is generally necessary to clean a 
fire after about twelve to sixteen hours steaming. The operation 
often consists of burning down the fire and then hauling everything 

* See page 329. 
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out from the bars. It should never be necessary to clean two 
fires at the same time ; a recognised routine should be laid down 
so that each fire is cleaned once in the twenty-four hours, or ofbener 
if required by the rate of steaming, or by the quality of the coal. 
The quantity of clinker formed depends, when the coal is the 
same, on the quantity of coal burnt, and, therefore, fires require 
cleaning ofbener at full speed than when steaming easily ; also, 
some coals contain more incombustible matter than others. 

If a ship is steaming over a period of some days it may be 
necessary to sweep the tubes. In the return tube type of 
boiler there is no difiiculty in effecting this operation with 
brushes from the stokehold plates, or by means of a steam jet 
delivered from a nozzle attached to a portable hose led from an 
auxiliary steam pipe. During this operation the smoke-box 
doors must be opened, and the cold air which then rushes through 
the tubes is known to have an injurious effect on the boiler. 
Smoke-box doors should be opened as seldom as possible. Tubes 
are generally swept in the night watches. The "blacks" carried 
on deck are then cleaned up when the decks are washed down 
at 5.30 a.m. In the case of low cylindrical boilers, with con- 
tinuous tubes, the combustion chamber must be cleared through 
the lower furnace, or through the ash tube if fitted, whenever 
tubes are swept. 

Combustion. — In order to ensure perfect combustion of the 
fuel when the air supply is limited to that chemically necessary, 
it is necessary that the air should be supplied exactly as the 
fuel requires it, and every particle of the air must come in 
contact with the fuel. In the process of combustion of coal the 
first part consists in the evolution of the heavy hydrocarbon 
liquids, resin, tar, pitch, naphthalene, benzene, &c. ; as the 
temperature rises, the lighter liquids are evolved, followed by 
the heavy gases as acetylene and olefiant gas. Afterwards the 
lighter marsh gas and later the hydrogen are liberated when the 
coke has attained a dull red heat. Weight for weight, hydrogen 
requires three times as much air as carbon for its combustion, 
and consequently, at first, a free supply of air is required, which 
may be diminished when the gases are all distilled. In practice, 
the bars, after firing, are covered with fresh fuel, which by its 
resistance to the passage of air will check the supply ; also, the 
distillation of the gases absorbs heat from the fire, and the 
temperature is lowered, thereby lessening the draught. When 
all the hydrogen gas has been evolved there remains a fire of 
glowing coke, with air channels forced through it, and the 
draught is consequently much quicker, and increases till the 
next firing takes place. It is neen that the air is supplied ixK 
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fexactly the opposite way to that required by the gases formed, 
and for this reason the air supply must be greater than that 
chemically necessary. In practice with chimney draught the 
supply of air must be twice that chemically necessary, or about 
24 lbs. per lb. of fuel ; when forced draught is used the supply 
of air is forced more uniformly through the fires, and about 18 
lbs. per lb. of fuel gives the best result. 

The quantity of air supplied, and the method of supplying it, 
affect the performance of the boiler in two ways : — 

If the air be rapidly supplied under pressure by fans, the com- 
bustion is more rapid and more coal is burnt per square foot of 
grate per hour. The velocity of the gases through the boiler is 
great and there is little time for the heat to be transmitted 
through the heating surfaces. Consequently, the temperature of 
the funnel gases is high, and the loss occasioned by the dis- 
charge of the hot gases from the funnel may be great. The 
output of the boiler is, therefore, increased at the expense of 
economy. 

If the air be supplied more slowly, as by natural draught, the 
combustion is comparatively slow, and perhaps incomplete, but 
the velocity of the gases through the boiler is slow enough to 
allow a larger proportion of heat to be transmitted through the 
heating surfaces, the funnel waste is reduced, and the efficiency 
of the boilers is increased. For this reason, boilers attain the 
most economical result when working below full power, and it 
is advisable, when cruising, to determine the most economical 
power of a boiler, and use the knowledge so gained to determine 
the best number of boilers to be lit up at different speeds. 

If the supply of air be insufficient, the loss of heat, due to 
incomplete combustion of the hydrocarbon gases, may be as 
much as 40 per cent.; and if the coke be burnt to carbonic oxide 
only, a further loss of 40 per cent, will result. 

The quantity of air used can be checked by analysing the 
products of combustion ; the method can be best explained by 
an example : — 

S.S. "lona.*' Experiment by Committee of Inst, of Mech. 
Engineers, 1893. Per cent, analysis of coal used : — 

0=82-34; H=5-47; 0=6-96; calorific value, 14,830 B.T.U. 

Per cent, analysis of chimney gases, by weight: — 

COa = 12-12; 0=1201; C0=-O0; N=75-8. 
Then 

12 12 

C in products was jr x 12-12+05 x -00 =3*305 per cent. 

N in products was . . , * 76*87 per cent. 
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76*87 
K supplied per lb. of C = g.gQg = 22 *96 lbs. 

N supplied per lb. of coal =22-96 x -8234= 18*9 lbs. 

,. J ,1- * , 18-9x100 ^, ^„ 
Air Buppued per lb. of ooal = ^^ — =24*6 lbs. 

It is necessary to be careful to obtain average samples of the 
gas and to make repeated tests at intervals. 

Dasymeter. — Professor Unwin has described a form of balance 
called the Dasymeter;* an instrument which automatically 
records the per cent, of OOj present in the funnel gases. When 
adjusted it is as easy to read as a Bourdon pressure gauge, and 
it will give a continuous record over twenty-four hours. The 
stoker is instructed to adjust his draught plates so that the per 
cent, of CO2 is invariably about 12 per cent., when, as seen in 
the above example, the supply of air is about 24 lbs. per lb. of 
fuel. It is reported that a saving of fuel of about 20 per cent, 
is effected by its use. The instrument consists of a balance — on 
one arm is carried a globe of large displacement, on the other a 
brass weight. The instrument is contained in a case placed in 
the funnel. Any alteration of the density of the funnel gases 
disturbs the balance, and its motion is registered by a pencil 
which traces a curve on a revolving sheet of paper. The per 
cent, of CO2 can be read, at any instant, on a graduated scale. 
There is a mercurial compensator which regulates the instrument 
for different temperatures and barometric pressures. 

The following is the record of one set of experiments made 
with it: — 



Duration of 

Trial. 

Hours. 


Coal Burnt per 

1,000 lbs. of 

Steam. 


Steam Pressure 
(AtmospheresX 


Per cent, of CO2 
by Dasymeter. 


Chimney Loss. 
Per cent. 


10 
10 


162-6 
126*0 


6-88 
7-28 


68 
131 


33 
13 



Saving effected 18 per cent., same coal used, feed- water at the 
same temperature. 

Automatic Regulation of Air Supply.— -A large number of such 
arrangements have been tried but generally have been found too 
delicate for marine purposes. Generally speaking, in H.M. 
vessels the only means of supplying air above the grate is by 
means of small holes in the furnace front, or by jets of com* 

* Proceedings qflrut, qf CivU Engineers, vol. cxzii. 
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pressed air from nozzles. In the Belleville boilers a small pro- 
portion of the total air supply is pumped into the furnace above 
the grate at a pressuro of from 5 to 18 lbs. per sq. inch. The 
supply pipe runs across the front of the fire, and has a number 
of nozzles tapering from ^ inch to ^ inch. If the air pressure 
falls low the funnels commence to flame. The air is delivered 
at a considerable velocity, and the effect is to thoroughly mix 
the unoonsumed gas with uncombined air, and so promote com- 
bustion ; hence the name '* gas mixer.'' 

A similar arrangement is. fitted in the Thorny croft water-tube 
boiler, the air-com pressing plant being, in this case, driven from 
the main engines. 

It is necessary to carefully distinguish between the absence oi 
smoke and perfect combustion ; the smoke may disappear, but if 
the carbon combines to form carbonic oxide, the combustion will 
be far from perfect. 

The only way to ensure perfect combustion is to supply the 
fuel and air in a continuous stream. This is effected by appar- 
atus for mechanical stoking in land boilers, but no system 
has been generally adopted at sea. During the trials of the 
Belleville boilers of H.M.S. "Powerful" and "Terrible," the 
thickness of the fires was kept as uniformly as possible at 6 ins., 
and a sprinkling of coal was supplied as quickly as possible. 
The instructions issued were, "Fire lightly, fire quickly, fire 
often.'' Dials were placed around clocks in the stokeholds 
showing at what intervals (of three to four minutes) each 
particular furnace was t6 be fired. It has been found beneficial 
with water-tube boilers to insist on uniform stoking, which 
ought to approximate to the regular supply attained by the use 
of automatic machinery. The fans supplying the air to the 
furnaces must be run at a regular speed. It often happens that 
the fans are used to cloak faulty stoking ; the fires having been 
heavily fired the speed of the fans is temporarily increased to 
force the air through the fuel, whilst when the fires are subse- 
quently burnt thin the speed is diminished ; this practice should 
be corrected and the system of quick regular stoking established. 

Coals. — Professor XJnwin * states that the better kinds of coal 
do not differ much in absolute calorific value. The calorific 
value of good coal is given by D. K. Olerk as from 12 J to 13 J 
lbs. of steam, evaporated from water at 212° F., per lb. of coal. 
When coal is burnt in boiler furnaces its calorific performance 
varies, because the more bituminous coal requires a greater air 
supply for tolerably complete combustion. The greater excess 

• Proceedings of the Imtr C,K, vol. cxxii. 
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of air involves greater chimney wastes. Sir William Anderson** 
says that a different class of boiler is required for a hydrocarbon 
fuel, such as North Country coal and petroleum, as distinguished 
from anthracite or coke. In the first case, lai^e and long flues 
are necessary, because combustion continues far along the flues, 
and the radiant power of the smoke is high.! 

Funnel Gases are principally diathermous, except olefiant 
gaS) water vapour, and 00^ to a certain extent; so that» in 
a furnace, little heat is radiated from the hot gases ; the 
furnace plates receive the heat they transmit by conduction 
of the fire-bars and radiation from the glowing fuel and smoke 
particles. Brick arches and tiles in a furnace absorb much 
of the radiant heat, and ensare a temperature sufficiently high 
for the combustion of the gases. The gases in the furnace 
and combustion chamber act by heating the solid particles of 
oarbon or soot which radiate the heat. For this reason it is not 
found economical to arrange a non-tubular boiler so that the 
combustion is perfect ; the products deprived of the particles of 
carbon or smoke are deficient in radiant power and carry much 
of their heat to the funnel. 

The following table of boiler trials is given by Professor 
XJnwin, Proc. Inat. C»E,, vol. cxxii. : — 

BOILEB TaiAUB. 





Eatio of 


Coal burnt 


Evaporation 

in lbs. of 

Water from 

and at 212° 

per lb. of Coal. 


• 


Type. 


Orate to 
Heating 
Surface. 


per sq. foot 

of Grate per 

hour. 


Coal. 


Cornish, . 


• • • 


7-2 


11-9 


Welsh 


Lancashire, 




1 :36 


22-9 


11-2 


Lancashire 


Galloway, . 




1 :24 


8-5 


11-6 


Anthracite 


Portable, . 




1 :69 


12-8 


11-8 


Welsh 


Tubular, . , 




1 :46 


10-8 


11-9 


Anthracite 


Babcock, . , 




1 :38 


8-9 


11-8 


,f 


Marine, . 




1:34 


22-4 


12-9 


Welsh 


»» • * 




1 :60 


26-5 


12-5 


Lancashire 


Thoriiyoroft, . 




1 :70 


7-7 


13-4 


Welsh 


f) • 




1 :61 

1 


18-6 


12-5 


9i 



***Heat in its Mechanical Applications," Proceedings Inst, C, E,» 
session 1883-84. 

t The furnaces of a Scotch boiler can be adapted to bum North Country 
coal without smoke by fitting a special door to admit more air above the 
fire, by lessening the area through the furnace throat, and, in particular, 
by increasing the area of white-hot firebrick over which the furnace gases 
must pass. 
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$*ire-bars. — The life of a fire-bar depends very much on the 
skill of the boiler attendants. If a particular fire be too heavily 
charged with coal the draught of air is reduced, because the 
supply naturally takes the easier passage through a thinner fire; 
in consequence the fire-bars may become overheated, and cases 
have occurred where the white-hot fire-bars have collapsed, and 
let the heavy load drop into the ashpit. The life of fire-bars 
may often be prolonged by increasing the width of the air space 
between them. Fire-bars should have the necessary clearance 
for their longitudinal expansion, otherwise they will be warped 
when heated. Transverse air holes are bored through deep 
fire-bars in order both to lighten them and to provide more 
cooling surface. 

Hollow fire-bars are used in some boilers. In Caddy's 
arrangement, air circulates through the bars and tends to 
keep them cool; it is claimed that the additional air so supplied 
into the combustion chamber increases the efficiency of the 
boiler. Thornycroft has fitted some boilers with hollow fire-bars, 
through which the actual feed-water circulates. 

If the engines are suddenly stopped when steaming hard with 
thick fires, the fire-bars run a risk of overheating, since the 
dampers must be closed to check the combustion, and conse- 
quently the cooling current of air is shut off. This accident 
occurred in two boilers out of four on the steam trials of one 
of H.M. ships. 

Furnace bars may be replaced whilst steaming, the dampers 
being closed and the fire cleared from the vacant space. Water 
troughs provided in the ashpits of a boiler, and kept well 
supplied with water, decrease the risk of burning the fire-bars. 

Overheating of funnels or uptakes is caused by the imper- 
fect combustion of the gases in the combustion chamber, and 
may be remedied by increasing the air supply above the fires ; a 
temporary remedy is to slightly open the furnace door. It is 
evident that the thickness of the fires must be reduced if the 
overheating is continuous. 
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CHAPTER VI. 

SHUTTING OFF STEAM. 

On Stopping Unexpectedly or Waiting under Steam. — If 

the engines are stopped unexpeotedly the steam pressure will 
tend to rise quickly. Every precaution should be taken to pre- 
vent the loss of fresh water caused by the safety valves lifting. 

Telegraph to the stokehold; the fans should be stopped; all 
ashpit dampers should be closed and also, if they are fitted, the 
dampers in the uptakes. These latter are important^ and will 
greatly check the rate of combustion and the consequent rate of 
ebullition of steam. Check the supply of air to the stokehold, 
if necessary, by closing the dampers in the air-trunks from the 
cowls. If the water levels are sufficiently low, pump water into 
the boilers. 

Open all drains on the cylinders and valves to keep the 
engines and steam pipes clear of condensed water, which, if 
allowed to accumulate, "will cause delay in starting. These 
drains should not be opened to the bilge, as feed-water would 
thus be wasted. Ease the silent blow-off valves and open them 
out gradually if such action is rendered necessary by the rise 
of the steam pressure. Put a pump on the condenser to keep 
it pumped out, and so guard against a glut of water in the 
air pump on starting. If this precaution be neglected it may 
happen that the seating of the foot or head valves and the pump 
bucket will be smashed up by the pressure due to the inertia 
of the accumulated water. 

Stop all internal water supplies to the bearings. 

Watch and regulate the steam-jacket pressures, which will 
tend to rise. 

Watch the pressure in the receivers, and open out the receiver 
relief valve if the pressure approaches the load on the receiver 
safety valve. 

Keep the reversing engine drained, and ready for use immedi- 
ately orders are telegraphed to start the engines. Run the link 
over from time to time. 

Keep the attendants clear of the engines for fear the latter 
are fidgetty. 
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If the steam pressure rise, start the evaporators to use up the 
steam developed, for the same purpose start the bilge pumps to 
pump out the crank pits and bilges. 

After re-starting, be careful to carry out the necessary reversals 
of the above operations — e.g,y do not leave the silent blow-off 
valves open after the steam is reduced to working pressure. 

On Entering Harbour. — When nearing the port the fires 
should be burnt Hglit, and a good look-out set on deck to report 
the various stages of entering harbour. If the fires are properly 
burnt down, there will be no difficulty in keeping down the 
steam pressure, and also no unnecessary waste of fuel. About 
half an hour's warning is generally sufficient for the boiler 
attendants. 

Have the tell-tales to the bridge put in gear. 

Have steam put on the capstan engine to warm it up ; ship 
the deck pedestal for the steam valve ; try the engine, and let 
the attendants stand by to work it when required. 

G^t rid of all ashes before entering port. 

Shut off the water service when the engines are put to slow, 
work all the water out of the bearings, and give them an extra 
supply of oil from the feeder, withdrawing the worsteds tempo- 
rarily. This procedure will prevent the journals rusting in port. 

Pump out as much water as possible from the main drain and 
bilges before the ship gets into harbour. 

There will generally be an engineer officer in each engine- 
room, besides the chief, to see that all orders for working 
engines are promptly carried.out. 

Shutting off Steam Pressure.* — Immediately the order 
<* Finished with the Engines" is received, shut the master, pass, 
and jacket valves, but be careful not to block the connection 
between the silent blow-off valves and the boilers. The silent 
blow-off valve should be fitted on the auxiliary steam pipe. 

Get rid of the steam in the engines and engine-room main 
steam pipe by running the reversing engine round till it stops 
for want of steam. 

Open the receiver relief valves, and all drains on the engines. 

Shut steam off the reversing engine and steering engine. 

When there is no steam left in the engine-room main steam 
pipes, put in the turning gear ; the men may then be allowed to 
work on the engines. 

Wipe down all rods and shafting with cotton waste, and oil 
all bright parts to prevent rusting. The engines should be 
wiped down whilst warm. 

* Similar orders to those here given are of great benefit if posted in the 
engine-room. 



92 ENGINE-ROOM PRAOTIGIB. 

Pump out the bilges. Clean and dry up crank pits, bilges, 
and engine-room plates with oakum. The oakum is picked from 
old rope by the men at odd times, and saves the expenditure of 
cotton waste. Disinfectants are supplied for use in the bilges ; 
if the latter are kept clean the disinfectants will rarely be 
required. 

Take out worsteds two hours after stopping, empty all lubri^ 
cators, and filter and separate the oil so recovered. 

Pump all boilers to working height. 

Clean the fires in the boilers to be used for auxiliary purposes 
before the fires are low in those to be shut off. 

Tighten the stem glands till the drip ceases. 

Place gaskets around the bearings, and replace covers to 
prevent dirt entering the bearings or lubricators whilst in port. 

The main circulating engines may generally be stopped about 
two hours after shutting steam off the main engines. Close the 
main inlet and outlet valves after stopping the circulating 
engines, and, if the stay in harbour is to be for some days, drain 
the main condenser and air pumps. 

A separate order should be received before letting fires die 
Qut, as the ship may have to shift billet after arrival. 

Letting Fires Die Oat.— On receiving the order from the chief 
to let certain fires die out, allow the fires to burn themselves 
out, then draw the ashes and clinkers from the grates. When 
the steam pressure in the boilers is well below working pressure, 
and dropping, the boiler and bulkhead stop valves may be 
closed in detail, the operations being personally supervised by 
the engineer. The routine for letting fires out should be devised 
with the view of letting the boilers cool gradually. 

On the Day after Arrival,— Sweep tubes in the morning 
watch. Clean the furnaces out thoroughly, and get up soot and 
ashes. Get the coal dust and ashes out of the stokehold bilges, 
and dry up the bilges. Much of the coal so recovered can be 
dried and used in the boilers for auxiliary purposes. 

Overhaul the firebars, and replace the burnt ones as necessary; 
straighten bars and bearers. 

Examine the brick bridges, and repair them as required. 

Examine the tube ends, and ascertain if any have leaked; 
replace tube ferrules as required, and roll leaky tubes. 

Banking Fires. — If a ship enters harbour for a stay of less 
than twenty-four hours, and, in certain circumstances, when she 
is awaiting orders, or lying in an unsafe anchorage, the fires are 
banked. The routine is to burn the fires thin, and let the steam 
pressure drop to rather less than half the working pressure; the 
boiler is pumped up to a good half glass. The clinker is then 
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withdrawn from the remaining fire, which is afterwards pushed 
to the back of the furnace^ and fresh coal is added until the fuel 
nearly touches the furnace crown, all of it being at the back of 
the grate near the bridge. All ashpit dampers are then shut, 
and the steam pressure is maintained with a small expenditure 
of fuel. The boiler stop valves may be shut or not, according to 
circumstances, but no steam must be withdrawn from thp boiler, 
and the boiler attendant must see that the water level remains 
within ordinary limits. 

If the boiler is urgently required, it can be prepared in about 
thirty minutes by spreading the banked fuel and firing up. The 
fire is sometimes banked at the front end of the grate ; but in 
such a case cold air will pass through the ashpit and the un- 
covered back portion of the grate, and may cause leakage in the 
boiler from unequal local contraction. . 
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CHAPTER VIL 
HARBOUR DUTIES AND WATCHES. 

General Condition of Machinery. — The first principle 
observed by engineers in this connection is to maintain the 
machinery under their care in such a condition that it is ready 
for use whenever required. The conditions of service at sea are 
such that machinery may be required at unexpected times, conse- 
quently, whenever important machinery is taken in hand for an 
overhaul or repair, the work must often be carried on, irrespec- 
tive of the time of day, until the machinery is again ready for 
use, or can be made so within the usual interval between the 
reception of an order and its time of execution. It will be 
understood that considerable forethought and precaution are 
required to enable the necessary refitting work of a larger kind 
to be carried out. The ordinary working hours in harbour of 
engineers afloat are not unduly long, but the principle referred 
to in the preceding remarks sometimes taxes the stafiT consider- 
ably, and calls for prolonged exertion. 

The method of carrying out the particular repairs required 
by the machinery will be found described in the chapter on 
** Adjustments," the subject at present being the upkeep of 
machinery which is in use or in working condition. 

EXAMPLE OP A SET OP STANDING ORDERS FOR HARBOUR DUTY.* 

In the following notes the letters P.O. stand for petty officer. 

A responsible P.O. will, as far as possible, work all cocks and 
valves in the engine-room and screw alley every Monday morn- 
ing, and report their condition to the senior engineer or engineer 
of the day. He must take care that he does not entirely close 
any cock or valve which it is necessary to keep open for any 
particular engine, nor open any cock or valve which would 
endanger the machinery or the men in its neighbourhood. 

The boilermaker is to test the water in each boiler every Mon- 
day morning with litmus paper, f and is also to take the density, 

* A similar set of orders will be of benefit if posted on a notice board 
in the engine-room. 

t The following tests are much more reliable and sensitive than the litmus 
paper test : — (1) Add one or two drops of methyl orange to a sample of the 
water,,the colour will turn yellow if alkaline, or a decided pink if acid. 
(2) Add one or two drops of phenol phthaline to another sample, the colour 
will turn whitish i| acid, or magenta if alkaline, 
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and a report is to be sent to the engineer's office before noon. 
He is also to report any increase of density, and is to satisfy 
himself that boilers supposed to be standing full up are really 
in that condition. 

In the case of boilers opened out for cleaning, particular care 
is to be taken by the boilermaker that no men are inside the 
boiler while he is trying the mountings. Stop vahres, <&c., of 
boilers opened out for cleaning or examination, are to be shut 
and securely lashed whilst the work is in progress. 

The chief stoker of the engine-room, or other responsible 
person, will pass the word, at all times of ceasing work, for 
« in lights.'' 

Tubes in auxiliary boilers are to be swept on Sunday, Tuesday, 
and Thursday nights between the hours of 10 p.m. and 6 a.m. 

Fires are to be cleaned every morning watch, and, in warships, 
are to be built up on Mondays and Fridays, to be ready for the 
routine drills* 

Ashes are to be neatly stowed in the stokeholds in bags, and 
are not to be stacked in heaps against the bulkheads or boiler 
fronts. 

The chief stoker of the stokehold is to communicate with the 
chief stoker of the uf^er deck party when the time appointed 
for getting rid of ashes arrives ; this occurs generally on turning 
to in the morning. The P.O.'s of the deck party are responsible 
that the ashes are hoisted up and discharged overboard. No 
ashes are hoisted up on Sundays in warships, because the decks 
are then kept ready for inspection. 

Coals for the galley and also the bogies required for warming 
ship, are to be hoisted at the regular appointed times, generally 
about three times a week. These bogies are placed in a furnace 
of a boiler not in use to burn clear, and are thus made use of 
to dry the uptakes and combustion chambers. One fire engine 
is to pump continuously through the seamen's head ; a constant 
pressure (as arranged) is to be maintained. 

The main drain, or bilges, are only to be pumped out in the 
middle watch, or at other times as ordered. If occasion arises 
unexpectedly, a communication is to be made to the quarter- 
master on deck, and permission obtained, in order that boats 
alongside may not be fouled by the greasy water. After being 
used for pumping out bilges, the pump should draw from and 
discharge to the sea, before the discharge is diverted into the 
fire main, to wash the pipes out with clean water. 

The ventilating fans are to be started and stopped according 
to the orders for ventilating the ship applicable to the time of 
year and climatet 
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It is to be clearly understood that, as a rule, all sluice and 
drain ralyes throughout the ship are to be kept closed and only 
opened when required for immediate use, after which they are 
to be closed. The same order applies to the water-tight doors of 
coal bunkers. Only bunkers in use are to be open. It should 
be a rule that, after working hours, only those water-tight doors 
required for traffic should be left open ; as many as possible 
shoidd be closed throughout the night, and the engineer officer 
should, when going rounds, see that the orders respecting water- 
tight doors have been carried out. 

A fitter E.B. A. is to examine carefully the feed pumps in use 
on '^turning to," and is to report their condition to the senioi^ 
engineer. 

Each engineer officer will inspect his own part of the ship 
before 8 a.m. on Sundays ; preferably in time to have small faults 
rectified before the men leave; he will afterwards report his 
department ready for inspection to the chief engineer. 

On Saturday forenoons the storekeeper is to give the black- 
smith the tools which require repairing. The blacksmith will 
also repair any spanners and other implements which may have 
been damaged in the week. 

All tools and hand lamps borrowed from the storekeeper are 
to be returned each evening. The storekeeper will keep a list 
of the issued tools on a slate, and will report to the E.O. of the 
day when everything is returned, or if any tools or lamps are 
missing. No hand lamps whatever are to be retained by day 
men in any of the departments. Those lamps required by watch- 
keepers are to be carefully attended to, and the watch-keepers 
are responsible for their safe custody ; they are to guard against 
fire caused by sparks blown from the lamps, or from overheating 
of woodwork due to the proximity of the lamp flame. 

No clothes or boots are to be left lying about the department, 
nor are they to be placed in stow holes. 

The men will put their change of clothes, when they begin 
and leave off work, in the proper lockers provided. 

No clothes are to be left hanging to dry during working hours, 
unless special permission is obtained from the senior engineer. 

On no account is anything inflammable to be placed on the 
tops, or at the backs, of the boilers. Proper drying lines may 
be provided which are to be used only at the appointed 
hours. These lines are not to be placed inside the boiler 
casing. 

On entering the engine-room department the men will put 
on their working boots, and on leaving they will remove them, 
.in order not to soil the decks with dirty boot marks. 
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Men, when at work below, are to be properly dressed in 
clothes of uniform pattern. 

All main and auxiliary machinery not in use is to be moved 
daily by the hand gear. 

The main engines, when not in use, should be oiled at least 
once a week. 

ORDERS FOR THE PETTY OFFICER IN CHARGE OF A 
SUB-DEPARTMENT ON DAY DUTY. 

He is responsible that no cocks or valves in his department 
are interfered with by unauthorised persons ; that drain valves 
are left as directed ; that all glands of pumps and small cocks 
and valves are efficiently packed ; that the men carry out their 
work as directed ; and that the department is always in a proper 
state of order. He is responsible for the return of naked lights 
and tools at clearing up time; and that spanners, &c., are 
replaced in the proper racks ; also that the department is left 
cleaned up ready for inspection by the proper officer. Before 
leaving the department he is to see the water-tight doors closed 
as ordered. 

He is to supervise all cleaning work, and is to make sure that 
bearings are properly protected from dust and dirt by canvas, 
or more permanent, covers. He is to see that no oily waste and 
other debris is thrown about or allowed to accumulate. Such 
dangerous combustible substances are to be immediately col- 
lected in iron pails and sent into the stokehold to be burnt in a 
boiler furnace. 

He is to report defects, as observed or made, to the senior 
engineer, or to the proper officer of his department. 

He is to see that all the machinery in his department is 
properly moved each day, and that it is kept in a proper state of 
cleanliness and preservation. 

ORDERS FOR THE PETTY OFFICER IN CHARGE OF BOILERS IN USB 

FOR AUXILIARY PURPOSES. 

He id to maintain a constant steam pressure. 

He is to maintain a constant water level. 

He is to economise the consumption of coal by careful, smart, 
and regular stoking. 

He is to exercise proper supervision and control of the stokers 
in his. watch. 

He is to try the test cocks of all water gauges about once an 
hour. 

7 
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He is to pay proper attention to the lubrication and working 
of the feed pumps. 

He is to carry out the special instructions given him in the 
Harbour Routine Orders. 

He is to fill up the proper columns in the engine-room register: 
— The quantity of coal used each hour, the water in the reserve 
feed tanks, the steam pressure, densities of boiler and feed tank, 
temperatures of stokehold and coal bunkers in use, and particu- 
lars of the auxiliary machinery in use are to be logged in the 
Engine-Koom Register. The P.O. will also log any slight defect 
observed in the machinery, and draw the attention of his relief 
to the defect. He will immediately report any serious defect 
to the engineer officer of the day, or other engineer officer more 
readily available. The latter should take steps to inform the 
chief and senior engineers of the nature of the emergency as 
soon as possible. 

The P.O. in charge of boilers should lose no time in sum- 
moning the nearest competent person to assist him in case of 
a difficulty arising which he does not thoroughly understand. 
Many accidents may thus be averted by prompt action. 

In order to economise the consumption of fuel in the night 
watches, when the load on the auxiliary machinery is light, one 
wing fire in each boiler may be used for burning good ashes. 

Preoautions for Starting additional Auxiliary Engines. — 
In order to assist the P.O. in charge of the boiler in use for 
auxiliary purposes, proper notice should always be sent to him 
when extra machinery is to be started, in order that he may 
brighten and thicken his fires and so supply a proper amount of 
steam. The notice should be sent half an hour before the 
auxiliary engines are required, for it should be remembered 
that a certain amount of steam is required to warm up large 
auxiliary engines. 

Consequent on an increased number of auxiliary engines being 
used, the auxiliary condenser will require attention, and the 
quantity of circulating water must be increased to prevent over- 
heating ; also, the speed of the air pump must be increased and 
regulated. The engineer officer on duty may be able to supply 
the steam, needed by an unexpected demand for a particular 
auxiliary engine, by stopping some less important engine until 
the fires have burnt up sufficiently. The particular course to be 
followed will require a little judgment, and should be referred to 
a senior officer if time permits ; and in any case a report of the 
circumstance must be made, and also logged in the register. 

As an instance, suppose the boat hoist engines are required 
for a period of perhaps twenty minutes, the evaporators might 
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be stopped daring that period ; but the operation requires care 
and the personal supervision of an engineer in order to prevent 
priming on restarting the evaporators. 

When large auxiliary engines are started a great quantity of 
water formed by condensed steam is circulated through the 
auxiliary exhaust pipes. This water often finds its way into 
the cylinders of engines already at work, and heavy knocking 
may occur. In such a case the engines affected must be eased, 
and the drain cocks on the cylinders and slides opened to get 
rid of the water. Fast running dynamo engines are usually 
most affected in such a case, and the watch-keeper on them 
should receive proper warning. 

On Starting AnxUiary Engines, — The steam and exhaust pipes 
connected up should be drained as thoroughly as possible. The 
routine to be carried out is very similar to that required when 
warming up the main engines. The cylinders and slides should 
be warmed very srradually by the admission of a small quantity 
of steam ; all IrLs should remain open tUl they blow freely ; 
the lubricators should be attended to ; and, finally, the engine 
should be turned by the hand gear through a dozen revolutions 
before the full steam pressure is admitted. The engine should 
be started very slowly; great strains may be set up in the 
cylinders by want of clearance, or in the exhaust pipes by the 
momentum of the water collected, if the steam be admitted too 
quickly. A very little steam should be admitted by easing the 
valve, and the engine turned by hand until it starts automati- 
cally. If an auxiliary engine refuse to start after this treatment, 
the reason may often be found in the fact that some exhaust 
valve has not been opened, or, more rarely, an essential steam 
valve. 

Similarly, on starting pumps, ascertain personally that all 
necessary valves are open. A pump is often started with the 
delivery valve closed; should the pump be fitted with a pressure 
gauge, as fire engines are, the fact will become apparent. Such 
accidents should on no account be permitted to occur, and are 
the result of thoughtlessness and want of proper supervision. 
A young officer should remember that his subordinates are 
relieved of responsibility by his presence, and should himself 
take the proper precautions before putting steam on the engines. 

Summary op Weekly Harbour Routine in a "Warship. 

Monday. — ^Work all sluice and drain valves throughout department. 
Test water m boilers by litmus paper, and take densities. Work all boiler 
mountings. A party of stokers is required for the deck evolution carried 
out in the mommg. 
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Thiesday. —"RemoYe lids of coal bunkers for ventilation from 6 a.m. till 
noon. 

N,B. — Bunker lids should never be off whilst decks are being washed. 

Wednesday, — Clean bilges and main drain tanks. 

Thursday. — Examine and work all water-tight doors and oil the screws. 
Work all automatic valves in ventilation trunks. ''Make and mend** in 
afternoon. 

Friday. — General quarters in forenoon at 9.30; work the branch -flooding 
valves to the magazines as convenient. 

Saturday. — Clean up all departments in afternoon, ready for inspection 
on Sunday. Fire quarters at 7.30 a.m. on last Saturday in the month. 
Repair all tools for the department. 

Sunday, — Clean up department till 8.30 a.m. Attend divisions on deck 
at 9.30 a.m., and church afterwards. 

Daily* — Turn main engines and all auxiliary engines and pumps. Work 
regulating valves, safety valves, and engine-room telegraphs. Take tem- 
perature of all coal bunkers twice daily. 

Economy of Coal in Harbour. — It is now considered of 
the greatest importance that the steam required for the auxiliary 
engines should be confined to as short and compact a length of 
steam pipes as possible. The coal expenditure required to keep 
an extensive range of steam pipes warm and drained may even 
greatly exceed that actually required by the auxiliary engines 
in use. 
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CHAPTER VIII. 

REPAIRS AND ADJUSTMENTS OF MACHINERY. 

On arrival of the ship in harbour the department must be 
cleaned up, the machinery oiled down to prevent rusting, and 
the tubes and furnaces cleaned from dirt, as detailed elsewhere. 
At the same time that the hands are employed on these duties, 
the skilled mechanics will be engaged in refitting and adjusting 
the bearings, remaking joints, and carrying out those repairs 
which can be undertaken with due regard to the length of time 
the ship is likely to stay in harbour. 

Estimate of Time Beqiiired. — Whilst it would be unwise to 
undertake a job for which there is obviously insufficient time, yet 
the engineer is accustomed to make special calls upon the endur- 
ance of his staff, and to arrange that important repairs shall be 
carried out by relief parties, working turn and turn about until 
the job is finished. Whenever an estimate of the time required 
for an examination is given in the following remarks, it is to be 
assumed that no untoward circumstance occurs. 

Before taking any machinery to pieces see that the parts are 
plainly marked, so that there will be no difficulty or delay in 
re-erecting. 

Marking ofT Nuts. — For convenience in adjusting the 
bearings, and in order to provide a record 
of the adjustments made, the following plan 
will be found useful : — 

Stamp a number on the nuts at each 
corner of the hexagon, near the face bearing 
on the washer. 

The washer is prevented from turning 
with the nut by means of stops ; mark part 
of the circumference of the washer off, in 
ten divisions of ^ inch in length, with a 
sharp flat chisel, around that part in view, 
number these divisions and subdivide them. The position of 
the nut can then be recorded by means of the marked corner 
most prominently in view, which coincides with a certain divi- 
sion on the washer — e,g.y in Fig. 10 write 2 on J, or 3 on 9 J. 

Iieads.-*In order to ascertain if a particular bearing requires 
readjusting, and to determine the amount of clearance, '^ leads " 
are token. The method is to remove the top brass of the bearing, 
and to lay a length of lead wire ^^ inch in diameter (^-inch 




Fig. 10.— Method of 
Marking off Nuts. 
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wire is often preferable, if procurable) half-way around the 
circumfereace of the journal towards each end. The top brass is 
then replaced and screwed down hard on the liners, so that the 
lead wires are squeezed to a thickness which indicates the amount 
of clearance at each end of the bearing. The amount of clearance 
should be the same at each end at the crown, and should 
increase gradually around the brasses towards the horns. These 
leads should be wound around a card on which the date and 
marks at which they were taken are noted, and the card can 
conveniently be stowed in a special box fitted up with separate 
compartments for each bearing. These leads, when subsequently 
compared with others taken at the same marks, will give an 
indication of the nature and amount of the wear in the interval. 

To Beflt a Bearing. — Open out, remove the top and bottom 
brasses, clean all working surfaces, clear the oilways, calliper 
the journal carefully, and ascertain if it is oval or tapered, retit 
the journal as required, and according to the means at disposal. 
Should the journal be found rough or scored it will probably be 
necessary to file it all over. In doing this, care must be taken 
to file it evenly, so as to form a new cylindrical surface perfectly 
co-axial with the original. After filing, it is customary (if the 
position of the journal admits) to "lap'' the journal — that is, first 
to grip it with a pair of dummy half bearings, preferably made 
of cast iron,''*' which are revolved on the journal to mark the hard 
places, which must be eased off. When this is completed, a pair 
of wooden copper-lined laps are smeared with very fine emery 
and oil; they are then screwed up loosely on the journal and are 
revolved until a smooth surface is obtained. Some engineers 
object to this last process, on account of the risk of small par- 
ticles of emery being left; scrupulous care must, on this account, 
be taken to thoroughly clean all surfaces and all oil passages 
leading to them. The '* lap " for a main bearing journal should 
be made of cast iron to cover about two-fifths of the circumference. 
If the journals are not lapped the filed surfaces of the journal 
must be carefully smoothed up by an oilstone. 

The brasses are scraped or filed until a good bearing is obtained 
along the crown. All fiaky metal must be removed. The brasses 
are eased away at the sides, since a bearing at this part serves 
no good purpose and increases the friction. To obtain a satisfac- 
tory bearing on the brasses of the connecting-rod they should be 
tried in placp, secured by the cap, but if there is not sufficient 
time to repeat the process of putting up and taking down the 
bearing, then it is customary to try each brass on the journal, re- 
volving it by hand; the journal having previously been lightly 
* The " lap " should he strongly made and very accurately bored. 
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smeared with a very little red lead. The less marking used the 
more reliable is the surface obtained. This latter method is 
not trustworthy, because, although each half-brass may bear 
properly, yet, when connected in place, the line of bearing may 
be cornerwise, and not along the crown. 

If brasses are lined with white metal, as is the practice in 
crank-pin bearings, and the white metal is much worn, the brass 
must be relined; for this purpose a mandril of the same size as 
the journal is necessary. This process is described later. Many 
engineers like the white metal to be '' proud " of the brass, and, 
as the former wears, the latter may be cut down below the 
bearing surface. If this is often repeated the white metal would 
be too " proud " when renewed, but the brass-retaining edge can 
be brought up again, with some loss of bearing surface, by boring 
a groove at each end around the brass, and fitting raised circum- 
ferential brass edge-strips recessed in the grooves. This must, 
of course, be done before the brass is refilled. 

To Adjust a Bearing. — Replace the brasses, but do not 
put the liners in place at the butt, replace the cap of the 
bearing, and screw it down tight, giving the spanner two or 
three light blows with a large hammer, in order to make sure 
that the bolt is well home. Observe the position of the nut 
on the washer, and record it, slack back the nuts the required 
number of the divisions marked around the circumference of 
the washer, as found by experience to give about the necessary 
clearance ; observe the new marks, and then take leads at the 
proposed marks. Remove the leads for examination, and, if 
the clearance is not quite as desired, make the necessary altera- 
tions in the position of the nuts when the cap is replaced ; then 
fit the liners to the new width required, slack back to insert 
them, and let them be firmly held by the cap when the nuts 
are tapped up to the new marks. Before putting a bearing 
together, always carefully oil the journal and brasses. When 
the bearing is re-adjusted, insert a crowbar between the brass 
and the crank arm, or connecting-rod fork, and move the bearing 
along the pin, through the length of the longitudinal clearance. 
This proceeding gives a satisfactory assurance that the bearing 
is not too tightly screwed up. The connecting-rod bearings of 
a large engine should be easily moved by one man, using a 
crowbar about 3 feet long. The crank should be moved into 
several positions during this test, so that it can be ascertained 
if the bearing is tighter in one position than another. 

Beeord of Adjustments. — A record should be kept of all 
adjustments made in a special book with pages ruled out as 
follows : — 
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working faces. To effect this change it will sometimes be neces- 
sary to cut new grooves across the pin to allow the crosshead 
bolts to be placed in position. If the pins are shrunk in place 
they cannot be readily moved ; the pins must then be filed on 
the large diameter. Some makers flatten the sides of the pins 
to assist the process of refitting. Particular care is necessary in 
adjusting the brasses of a connecting-rod which has a bearing on 
each side of the crosshead (see p. 114). 

To Open Out the Crankhead. — The crosshead bearing must 
be connected up and the piston and rod hung up as described in 
the previous paragraph. To lower the bottom cap of the crank- 
head it will be found convenient to keep two pairs of pulley 
blocks, small enough to allow the lower pulley blocks to descend 
through the holes for the crank-pin bolts in the connecting-rod 
end. If the upper blocks be hung from eyebolts screwed into 
the crosshead- bolt ends a straight lead will be secured. To get 
at the upper crank-pin brass, the piston being hung as described 
above, the connecting-rod must be hung by means of a rope tie 
from a point in front of the engines, and the crank shaft must be 
revolved ahead until the crank pin is free from the upper brass. 

All large bolts should have tapped holes in their ends for eye 
bolts, and these holes should be kept plugged with short bolts 
when the engines are at work. 

Generally speaking, it requires a working .^d 

day of eight to ten hours to examine, clean, 
and replace either of the connecting-rod 
bearings of an engine of 4500 I.H.P. 

The Main Shaft Bearings. — These do 
not require adjustment at such frequent 
intervals as those of the connecting-rod. It 
is a comparatively simple matter to lift the 
cap and top brass; if the shaft be then turned 
through half a revolution, the condition of 
the journal can be ascertained. Should one 
of the main bearings have been heated, the 
lower brass should also be examined. The 
removal of the lower brass requires more 
care than manual labour. A clamp, B (Fig. 
12), is secured on the crank-arm, A, by the 
bolt, C. If the shaft be now revolved by the turning engine, 
the nut, D, screwed on to a small projecting stud on the clamp, 
will butt on the edge of the bearing, and as the shaft continues 
to revolve, the bottom brass will be turned out of its seating. 
The centrifugal lubricator must generally be removed before the 
clamp is fitted, and also any stops fitted in the flange of the 




Fig. 12.— ChpforRe- 
moving Lower Brass 
of Main Bearing. 
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bottom brass to preyent it revolving. The brass is replaced by 
the use of the same clamp; its weight will generally be su£Gicient 
to ensure its turning back smoothly, but, as a safeguard, a suit- 
able guide can be made of a light plate bent to the same shape 
as the back of the brass; this plate is placed over the brass 
when the latter is laid on the top of the shaft, and is secured by 
means of deep washers and nuts on the bolts of the main bearing. 
It is not necessary to fit special supports for the crank shaft 
whilst a bottom brass is withdrawn. 

Clearance in Bearings.— The number of divisions the nuts 
of each bearing should be slacked back for proper adjustment 
should be known and recorded in every ship. It unfortunately 
happens that undue strains or small errors of workmanship may 
affect the truth of a particular journal and necessitate more than 
a normal amount of clearance. Speaking generally, main bear- 
ings are not so tightly adjusted as those of the crankhead ; the 
former are liable to get out of line, due to an alteration of form 
of the hull ; moreover, the direction of application of the load is 
more constant, and consequently the circulation of oil in the 
bearing is less free. The method of checking adjustments by 
taking leads has been already described, and the following 
rules give what may be considered as good "close" adjust- 
ments for true journals of 4 inches in diameter and upwards ; 
below 4 inches in diameter a small addition should be 
made : — 

Grankfaeads. — Thickness of lead to be yit&u ^^ ^^ ^^^ ^'^^ ®^^^ 
inch of diameter of journal. 

Crossheads. — Thickness of lead to be j^p^ of an inch for each 
inch of diameter of journal. 

Main Bearings. — ^Thickness of lead to be y^^ of an inch for 
each inch of diameter of journal. 

It should be observed that many bearings will probably come 
under notice, in which the necessary clearance considerably 
exceeds the above normal allowances. 

Solid C.I. pistons or piston valves working in O.I. cylinders 
should be made an easy fit. This adjustment corresponds with a 

looseness of yxnnF ^^ tthht ^^ ^^ ^^^^ ^^^ diameters of piston vary- 
ing from 3 to 18 inches. Solid G.M. or phosphor bronze pistons or 
piston valves working in O.I. cylinders must be finished with a 
clearance sufficient to allow for the difference of expansion of 
G.M. or cast iron ; but, since the cylinder may be a somewhat 
complicated casting and not free to expand in every direction, the 
clearances should then be calculated from the linear coefficient 
of expansion of G.M., on the assumption that the expansion of 
the cast-iron cylinder is negligible. Thus (allowing a rise of 



IlEt>AIRS AND AD;ruSTMENTS Ot' MACHINERY. 16? 

temperature of 350' F., SOO** F., and 250' F. in the H.P.^ 
LP., and L.P, cylinders respectively), the clearances should 
be— H.P., j^ inch; I.P., ^If^ inch; L.P., yj§^ inch on 
each 12 inches of diameter. This adjustment provides for 
an extreme case; but^ if the cylinder is a simple casting 
and free to expand ^ these clearances can be reduced one- 
half with safety. 

Piston spring rings for large cylinders are usually cut across 
their width to allow them to be compressed into place and so 
exert a light pressure against the cylinder barrel; moreover, 
they are required to open out further as the rubbing circum- 
ference becomes worn. Such rings are turned up of an external 
diameter ^ of an inch per foot of diameter larger than the bore 
of the cylinder ; the length of the portion cut out is arranged so 
that the ring shall have a certain amount of opening at the cut 
ends when first inserted in the cylinder. ^' Bestricted " rings 
are turned up with an excess external diameter of ^ of an inch 
per foot of diameter. 

The opening left in cut CI. spring rings when placed in 
position in O.I. cylinders should be about ^gg^ inch per 12 
inches diameter, measured across the cut and around a circum- 
ference. Gunmetal spring rings in CI. cylinders should be 
allowed YwSxf ^^^^ opening per 12 inches of diameter to allow 
for the difference of expansion of the metals. This rule agrees 
with well-tried practice and also with the coefficients of expan- 
sion, allowing for a rise of temperature of 350° F. Thus — 

Linear coefiScieQt of expansion of G.M. = '0000104 for V F. 
„ „ C.I. = -0000065 „ 

.*. Difference of increase of circumference of G.M. and C.I. for 12 inches 
diameter and 350° F. rise of temperature is — 

•000004 X 350 X •»■ X 12 inches = ^Uif inch. 
(To be added to the allowance for CL. spring rings. ) 

The amount of opening of the spring ring might be reduced in 
the LP. and L.P. pistons; but, since these openings are gener- 
ally made steam-tight by the tongue piece, it is not considered 
necessary to make any difference. 

It may be necessary to provide some means of packing out a 
cut spring ring which is not " restricted " as regards the amount 
of wear permitted. If the wear of a free spring ring should be 
rapid and abnormal, it may well happen that the piston will 
acquire sufficient driift in the cylinder to allow the edge of the 
junk ring to catch on the top edge of the cylinder liner with 
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disastrous results to some part of the machinery. The designed 
radial pressure of the spring ring on the cylinder barrel should 
not produce any excessive wear, but this radial pressure may be 
augmented by steam pressure against the inside circumference 
of the ring ; and, when working at full power, the rate of wear 
may thus become abnormal. On such occasions, if experience 
suggests the desirability of a precaution, the spring ring may be 
made solid by filling in the slotted holes for the tongue-piece 
bolts, and so limiting the wear of the ring at the expense of its 
steam tightness. 

The ordinary backing of a large spring ring does not always 
provide for the insertion of additional liners as the ring becomes 
worn, though it should be noted that they may be necessary to 
ensure proper control of the piston. 

The clearance of a cast-iron spring ring between the junk 
ring and piston flange should be about xt^ to ^ oo o ^^^^ ^^^ 
widths of spring ring of from 1 to 6 inches. The clearance 
of a gunmetal spring ring similarly fitted in a H.P. steel 
piston must be greater than in the foregoing case by y^^ ii^ch 
for each inch of width, otherwise it may be nipped when 
heated; a corresponding allowance should be made in LP. 
and L.P. cylinders. To find the clearance of a spring ring 
between the piston flange and junk ring, two lengths of 
y^i^inch lead wire ^should be used, one length laid around the 
circumference on the top surface of the ring and one be- 
tween the junk ring and its face on the piston. If the two 
lengths of lead wire be then squeezed by screwing down the 
junk ring, the difference of thickness of ihe leads gives the 
clearance. 

The Crosshead Guide. — The liners for the crosshead slipper 
require frequent adjustment. To lower the slipper screw eye 
bolts into the top edge and support the slipper by thin steel wire 
rope secured to the eye bolts and led over a stout round bar 
fixed across the top of the guide. Let the steel wire run over 
this round bar, used as a pulley, and attach a block and tackle 
to the end of the wire in front of the engine. Kemove the bolts 
securing the slipper to the crosshead. Insert a screw-jack 
between the piston-rod and the fixed guide, and force the cross- 
head away from the ahead guide until the astern surfaces bear. 
The slipper can now easily be lowered and the thin steel wire 
will run behind the crosshead, through the space left by the 
slipper as it descends; whereas a thicker sling of hemp rope 
would jam. Clean the surfaces and remove all flaky metal, 
deepen the oilways as required. Slippers will sometimes be 
found worn thin in the middle of their length, as shown in an 
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head. If an additional liner has heen placed in position, the 
slipper should go up without any sticking or coaxing when the 
croBshead is forced into contact with the opposite guide surface, 
and at the same time there should be no " shake " in it before it 
is secured in place. The amount of clearance required is from 
TTnnF ^ 1000 of an inch, when cold. Experience of the 
particular fitting is required to determine the thickness of the 
additional liner required and it is better to fit the thinner of 
two possible liners in preference to one which may prove too 
thick, because this adjustment is one of the most difficult on the 
engine, and therefore needs most caution. 

Fig. 14 illustrates a defect which developed in a large piston- 
rod, but which more often occurs in light 
m piston-rods of fast-running auxiliary engines, and 

also in those of some torpedo boat destroyers. 
In consequence of an abnormal strain, the jaw of 
the crosshead was closed in, so that the centre 
line of the bolt, and also the guide surface, were 
found to be no longer parallel to the rod. This 
defect gives a swaying motion to the rod, and 
produces a leaky gland. To discriminate be- 
tween this defect and a bent rod, it is necessary 
to put the piston-rod in a lathe, when the cylin- 
drical portion may be found to run true, and 
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Fig. 14. 



Fig. 15. 



the alternative defect may be demonstrated by bolting the 
surface of the crosshead shoe down on a surface plate and then 
trying a scribing block along the rod. It has been found 
possible to open out the jaws of piston-rods up to about 4 inches 
in diameter by bolting the guide surface down firmly on a strong 
erecting plate, as shown in Fig. 15, and, after heating the jaw 
locally at the line ceo; to a very dull red by means of gas jets 
from a Bunsen burner of suitable shape, the rod can be drawn 
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down parallel to the guide sur- 
face by means of bolts rove 
through a strongback placed as 
shown at A. If the heat is 
judiciously controlled and the 
rod is allowed to cool slowly, the 
cylindrical part will be found still 
true when subsequently tested 
in a lathe. 

To test the truth of the guide 
surface, two sets of measurements 
are necessary : — 1st, To find if the 
surface is parallel to the centre 
line of the cylinder : — A steel 
piano wire of about forty-thou- 
sandths of an inch in diameter is 
stretched as indicated in Fig. 16. 
It is attached to two balks of 
timber secured respectively across 
the top of the cylinder and across 
the gap of the crank, as shown. 
The wire is stretched taut by 
means of an eye bolt at the top 
end, and each end can be moved 
in either direction by means of 
set screws pressing against a 
sliding block mounted on a base 
plate fixed on each piece of tim- 
ber, as shown in greater detail in 
Fig. 17 in elevation and plan. 
To adjust the wire to the centre 
line of the cylinder, measurements 
of the radii are accurately taken 
by means of trammels at the posi- 
tions CO and efd at each end of 
the cylinder, measuring to an 
unworn turned circumference. 
The greater the distance be- 
tween c and d, the more accurate 
will be the position of the 
centre line. Measurements are 
then taken from the top, centre, 
and bottom of the guide sur- 
face to the stretched wire, using 
a trammel of a form as shown 




Fig. 16. 




Fig. 17. 
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in Fig. 18, which will be found more convenient and accurate 
than callipers for this purpose. 

2nd, To measure whether the guide surface is parallel to the 
centre line of the shaft. First test the truth of the crank-pin, 
if- any doubt exists, and prove that it is in line with the shaft 
journals and of uniform diameter. A stiff steel straightedge, 
with a scriber suitably attached, is then placed diagonally across 
the face of the guide surface, and the distance between the face 
of the straightedge and the surface of one end of the crank-pin 

is measured. The straight- 
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edge is then sloped in the 
opposite direction and a 
similar measurement is 
taken at the other end of 
the pin. The guide sur- 
face should then be packed 
so that these two measure- 
ments are identical, and 
the thickness of packing 
required on one side or 
the other should be noted. 
From the two sets of 
measurements detailed 
above, the guide faces can 
be set up on the planing 
machine in the position 
required to produce a true 
surface, due allowance 
being made for the ex- 
pansion of the cylinder 
when hot. 

The effect of the ezpansion of the cylinder on the truth of the 
guide surface varies with the kind of columns employed. If the 
cylinder is carried on four cylindrical forged columns of about 
the same diameter, it may be assumed that the front and back 
columns will open out equally at the top when the cylinder is 
heated, while the feet of the columns will open to a much less 
extent. Intermediate points on the guide surface will therefore 
open by an amount proportional roughly to the distance from 
the feet of the back columns. To allow for this expansion, the 
guide surface should be adjusted when cold to lean in to the 
centre line of the cylinder at the top end. In torpedo boat 
destroyers an allowance of xMtt ^^^^ ^^ ^^^ top end of the guide 
surface has given good results. 

In lar^e engines, when the back columns carrying the guide 
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surfaces are formed of heavy stiff castings and the front columns 
are cylindrical forgings, the effect of the expansion of the 
cylinder is generally to increase the distance of the guide 
surfaces from the centre line of the cylinder and the clearance 
of the rod in the gland should be greater on the side nearest the 
guide surface when cold. In this type of engine the clearance 
of the slipper between the ahead and astern guide surfaces 

should be -Yuiyu *^ looo ^^ ^^ inch. 

In another type of engine fitted in modern battleships, the 
front and back columns are of similar design, and are formed of 
stiff castings. Measurements taken in one ship showed that the 
space between the ahead and astern guide surfaces increased by 
TW7 of an inch at top and by j Hq of an inch at the bottom in 
the H.P. engine when hot; and in the L.P. engine the distance 
between the guide surfaces increased by y^nn^ ^^ ^^ ^^^^ ^^ ^^P 
and bottom alike. In a second ship with similar columns, the 
space between the ahead and astern guide surfaces increased by 

tIw ^ TTOTT o*' a^ i^^^h at top, and by -^^-^ to ^^ at 
the bottom, in H.P., I.P., and L.P. engines alike; in this 
case there was some discrepancy in the amount of openings 
of the forward and after guide columns of the same engine. 
This diversity in similar ships points to the necessity of making 
measurements and allowances in the setting of the guide surfaces 
suitable to each particular case. In this type of engine the 
crosshead slipper should just touch both the ahead and astern 
surfaces at the top end when cold. 

The Iiine of Stroke. — The centre line of the piston-rod 
should coincide with the central axis of the cylinder, but it may 
be displaced from either of the causes, (a), (6), (c), or (d), men- 
tioned below. The most common indication of such a displace- 
ment is that the rod works through the gland with a swaying 
motion, so that the clearance at a point on the circumference 
varies through the stroke. This swaying motion is usually 
accompanied by trouble with the gland packing, which must be 
left loose and possibly leaky. Frequently, also, the side 
clearance of the slipper is affected, and one side, or opposite 
comers, may rub hard. 

If the rod sways in an athwartship direction, so that the 
clearance at the back and front of the gland varies, the cause 
may be due to abnormal wear of the piston spring rings and 
carriers, or to either (a) or (6). 

(a) The piston-rod may be bent (see p. 118); this defect is 
indicated if the clearance between the piston and cylinder cover 
is not uniform all around the circumference, or if the measure- 
Uients differ from the previous set taken, showing that the 
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piston is tilted. A very good method of testing the straightness 
of the piston-rod is to centre the piston in the cylinder and then 
measure down from some turned surface, such as the cylinder 
flange, to the top turned surface of the junk ring at points 
selected around the circumference ; these measurements should 
be equal. As a piston-rod often bends close up to the collar, 
this method is to be recommended in addition to the use of a 
straightedge applied to the length of the rod. 

(6) The slipper may require lining up, indicated by an 
abnormal clearance between the ahead or astern guide surface 
and the corresponding rubbing surface of the slipper, accom- 
panied by a heavy knock towards either or each end of the 
stroke. Or, again, if the surface of the slipper is not evenly 
balanced above and below the crosshead pins, unequal wear may 
occur, the piston-rod will be deflected, and the piston will bear 
harder on either the front or back of the cylinder until the 
worn surface is lined up. 

(c) If the piston-rod sways in a fore and aft direction, the 
cause may be (d), or that the bearing surface of the crank pin 
or gudgeon pin may not be perpendicular to the axis of the 
cylinder, or the brasses of either of these bearings may be 
improperly adjusted so that the connecting-rod is "thrown." 
In those engines provided with a gudgeon pin on either side of 
the crosshead, the crosshead brasses require frequent and careful 
adjustment to ensure that the two lower brasses are of the same 
thickness, because the wear is generally unequal. The charac- 
teristic indication of these defects is that the side clearance of 
the crank or crosshead brasses is incorrect, and the brasses 
show signs of heating unless loosely adjusted, when th^ will 
probably work with a knock. 

The method of ascertaining if the crank pin is parallel to the 
axis of the crank shaft is given later. Assuming the crank pin 
and crosshead pins are true, the method of swinging the con- 
necting-rod is used to correct the crank and crosshead brasses. 
First disconnect the crosshead end of the connecting-rod, and 
take the weight of the piston and rod at the top of the stroke on 
the portable strongback provided. Remove the top manhole or 
cover of the cylinder and set the piston true in the cylinder, 
measuring between the barrel and an unworn circuniference of 
the junk ring. Eemove the gland packing and set the piston- 
rod true in the stuffing-box. Remove the liners from the crank- 
pin brasses, turn the engines until the lower crosshead brasses 
are just clear of the gudgeon pin. Set the connecting-rod with 
the known proper amount of side clearances between the ends 
of the crank-pin brasses and the crank arms. The^e side clear- 
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ances were probably originally equal, but, owing to the wear of 
the thrust collars, the crank shaft gradually moves forward, and 
the amount of such wear at any time should be accurately 
ascertainable by comparison with marks or measurements made 
when the engines were new. If there is no such record avail- 
able, the correct position for the crank-pin brasses may be 
ascertained by stretching a wire through the centre of the 
cylinder, as described on p. 111. This process, however, requires 
more time than is available during a short stay in harbour, and, 
in that case, the approximate position of the crank-pin brasses 
must be estimated from observations of the amount of clearance 
in the thrust rings and a comparison of the position of the 
brasses of the other crank pins on the same engine. The crank- 
pin brasses, having been spaced, are drawn up to a close fit on 
the crank pin, and the engines may be turned up if necessary, so 
that it can be seen whether the forks of the connecting-rods are 
symmetrically situated, with equal side clearances on the two 
crosshead journals. If these side clearances are not equal, the 
thick ends of the crank-pin brasses must be filed and scraped 
until the connecting-rod is thrown true. The necessary thick- 
nesses of the lower brass (or brasses) of the fork end can then 
be ascertained by careful measurements made between the 
surface of the pin and the machined bed for the brass in the 
fork end of the rod. These brasses should then be fitted and 
adjusted with equal " leads." After fitting, the accuracy of the 
crosshead brasses can be tested by swinging the connecting-rod 
from the top end and noting that all side clearances are correct. 

(d) If the thrust collars are worn so much that the original 
clearance between the after end of the crank-pin brasses and the 
crank arms has entirely disappeared, then the bottom end of the 
connecting-rod would be forced forward. To remedy this defect, 
the thrust collars should be re-metalled, or the thrust block 
should be put bodily aft by the required amount. The latter 
adjustment will probably necessitate some refitting of the 
eccentric straps and the eccentric-rod pins. 

To test if the axis of the crank pin is parallel to that of the 
crank shaft : — First verify that the crank pin is of uniform 
diameter ; the crank shaft can then be placed in a lathe and set 
true to the journals of the main bearings. The surface of the 
crank pin can then be tested in four positions of the crank by 
means of a scribing block rested on the lathe bed. If the shaft 
is a large one it may not be convenient to remove it from its 
bearings ; in that case a long and very stiff steel straightedge is 
required. The crank is placed on the top centre, and the 
straightedge is clipped to the shaft in a position above the crank 
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pin and is set parallel to the axis of the journals in the main 
bearings. It is first necessary to remove the caps of the main 
bearings and to calliper the journals to verify their diameters. 
The straightedge being parallel to the axis of the shaft, measure- 
ments are made between the crank pin and straightedge all 
along the length of the former. The crank is then turned to the 
bottom centre, and the straightedge is set as before and the 
measurements repeated. Next place the crank horizontal and 
lay a large surface plate across the arms and set parallel to the 
axis of the journals, measurements can then be taken between 
the plate and the crank-pin surface; turn the crank through 
180'', and set the surface plate and measure as before. These 
four sets of measurements will give all the information required 
to verify, or correct, the axis of the crank pin.. 

To test the Setting of the Axis of the Crank Shaft —The wire 
stretched through the centre line of the cylinder can be used to 
verify the setting of the axis of the crank shaft, but for this 
purpose the lower end of the wire must be secured to the crank- 
pit plates. The crank is then placed as near its top position as 
is possible, and the distance between the wire and the inside 
suiface of the crank arm is measured off on a special trammel. 
The crank arm is then turned round as near to the bottom 
centre as is possible, when the distance between the wire and 
the inside surface of the crank arm should be the same as in the 
top position, if the axis of the shaft is perpendicular to the line 
of stroke. Oare must be taken that the crank shaft does not 
shift, forward or aft when revolved, to which end it may be 
forced up to the thrust collars before each measurement is taken. 

Link Gear. — The slide-block brasses require frequent atten- 
tion. The brass under the link should first be refitted, and then 
the weight of the valve should be taken by a suitable support in 
such a manner that the bottom brass touches the link bar whilst 
the top segment brass is free; the latter can then be lined up. 
Before lining up the block brasses it may be necessary to refit 
the link; it will generally happen that most of the wear on the 
link bar occurs towards the middle of its length on the ahead 
half; the reason being that engines are generally run more or 
less linked up. If the wear on the ahead side of the link is con- 
siderable, it will be necessary to file the bars on the astern side 
till a uniform depth of bar has been obtained. Care must be 
taken to preserve jthe proper curvature, and a stiff template may 
be necessary for this purpose; if a template is not available, the 
link-block must be frequently tried on the bars. If the link is 
not refitted, the segment brasses must be adjusted at the unworn 
part of the bars near the astern eccentric-pin, otherwise a hot 
link-block may result when the engines are run in full gear, 
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The surface of the link bars must be kept very smooth by the 
frequent application of an oilstone, in particular it should be 
applied if the bars have been refitted. After adjusting the slide- 
block brasses, try the links with the hand reversing gear to make 
Bure that they run freely. When it is necessary to examine the 
surfaces of the eccentrics, be careful to support the weight of the 
slide valve before loosening the eccentric-rods. Ascertain that 
the butts of the two parts of which the sheave is composed are 
fair, as the steel part is liable to spring out when tight on the 
shaft; this spring would cause a slight cutting edge to appear at 
the butt, and would result in abrasion and a warm eccentric- 
strap. The sheaves must be callipered to detect if they have 
worn oval, in which event they must be rounded up. Examine 
the sheaves carefully to see that all fastenings and keeps are 
secure and that the webs of the sheave are sound ; sheaves have 
been found with cracks extending from the corner of the key- 
way. See that the feather securing the sheave to the shaft is 
tight. If the straps are brass-lined, the screws securing the 
linings should be tapped with a hammer and examined to see 
that they are secure; if any are loose, or suspected to be, they 
should be refitted. The straps should have their bearing surfaces 
well cleared away at the horns, and should be clear of the sheaves 
at the fillets. The straps should be adjusted loosely enough to 
allow the eccentric-rods to be free to swing down by their own 
weight if released from the link. It is important that the oil- 
ways should be led to carry the oil uniformly over the surface of 
the strap, and they should be rounded so that no cutting edge 
is formed. 

Weigh Shaft. — The bearings of the weigh shaft do not require 
frequent adjustment, the shaft itself being stationary when the 
engines are working. It will be necessary to remove the weigh 
shaft from time to time to clean the bearings and journals, which 
have a tendency to rust ; this should be done whenever the oil 
running through the bearings brings rust in suspension; it is not 
necessary to disconnect the drag links. Sling the weigh shaft from 
above and remove the caps of the bearings; the whole of the weigh 
shaft can then be moved out of the bearings by the hand reversing 
gear, and can be replaced, with a little care, by the same means. 

Cylinders and Pistons. — Cylinders should be opened out 
constantly, and particularly on all occasions when a ship arrives 
in harbour for a stay of some days; the internal surfaces should 
be thoroughly dried and cleaned with cotton waste and turpen- 
tine; the working surface should show a uniform polish all 
round. After cleaning, spread oil over the surfaces with the 
palm of the hand. To examine the piston lift the guard ring 
and junk ring and withdraw the spring ring. The spring ring, 
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if it is wearing properly, should be of a uniform thickndss round 
its circumference, and it should have spring enough to support 
its own weight when placed at any position throughout the 
length of the cylinder. If it cannot be pushed down by hand, it 
is too tight. See that the opening at the transverse cut is suf- 
ficiently wide. If the piston-rod is slightly bent, or the cylinder 
is not in line with the stroke, the cross section of the spring ring 
will wear wedge-shaped. Before closing up a piston after an 
examination, try all the springs with a tommy ta see that the 
pressure around the spring ring is uniform. The spring sup- 
porting the tongue piece is more liable to deterioration than the 
others, and should be specially examined. See that all the splifc 
pins are replaced above the nuts on the studs securing the guard 
ring for the junk-ring nuts. Before closing up the cylinder the 
engineer should carefully examine the steam ports and see that 
no tools have been left by the workmen. The steam passages 
are often used as shelves or stowholes during a repair; they 
should be plugged up or covered whilst the work is in progress. 
A large piston can be examined and closed up in a day if the 
cylinder cover is not removed. 

Piston Clearance. — To test the piston clearances at each end 
of the stroke, take off the top and bottom manholes, make a 
number of plugs of red lead mixed with plumbago, and place 
from eight to twelve at uniform intervals at a certain radius 
(as large as possible) around the cylinder bottom, and also a like 
number on top of the piston, then turn the engines through a 
revolution. The plugs can then be collected, arranged on a plate 
as they were placed in the cylinder, and can be measured. The 
plumbago will prevent them sticking to either surface. This 
method is very useful as a test for a bent piston-rod, because if 
the piston-rod is bent the piston will slope and the clearances 
will not conform with former records. The most accurate 
strai^tedge applied to the rod does not afford so good a test as 
that obtained by the above method. It is essential that the 
plugs should be placed in the same positions on each occasion of 
testing. The results will be more valuable if the clearances are 
obtained on the first test, both by the ''bumping" method and 
also from the plugs ; when, if any differences caused by a pro- 
tuberance on any of the surfaces exist, the corrections can be 
noted and applied on future occasions. The plug method, with 
the foregoing precautions, will then avoid the necessity for 
disconnecting the crosshead bearing on future occasions. 

Actjustment of Pistons of Horizontal Engines.— The pistons of 
horizontal engines require lining up to the central position from 
time to time, owing to the wear of the spring rings on which the 
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Weight is supported. The process is as follows : — Remove the 
packing from the piston-rod stuffing-box. Remove the plug door 
from the back end cylinder cover to give access to the piston ; 
if the cylinder is not large enough to allow two men to work 
inside, it will be necessary to take off the cylinder cover. Turn 
the engines until the piston is at the front end of the stroke, 
remove the guard-ring and junk-ring bolts, which should all be 
marked to show clearly to which hole they belong. The junk 
ring can now be moved to the back end of the cylinder and there 
be fixed out of the way, so that there is no fear that it will 
fall. The turned edge of the body of the piston is now 
exposed to view, and as this edge is central with the turned 
outer flanges of the piston it may be taken as a guide to ascer- 
tain the wear of the piston. This is done by measuring the 
distances A and A^ from the turned body of the piston to the 
top, and to the bottom of the cylinder respectively, along the 
vertical diameter ; and also the distances B and B^ from the 
turned body of the piston to the cylinder along the horizontal 
diameter. Then ^ (A-A^) is the amount the piston is down 
from the central position, and ^ (B-B^) is the amount the piston 
is out from the central position sideways. These measurements 
should be checked by measuring the position of the piston-rod in 
the stuffing-box. 

Having obtained the position of the piston the next thing to 
do is to remove the piston springs, which can generally be done 
by exerting a strong grip on a pair of pliers, and while doing so 
the fit of the spring ring at the top of the cylinder can be 
observed. Now measure the thickness of the spring ring at 
intervals round its circumference and see whether it would not be 
advantageous to turn the ring so as to bring another portion of 
its circumference to the bottom ; but remember that, if this is 
done, it will be necessary to renew the measurements before 
deciding on the thickness of the liners to be fitted. 

The weight of the piston at the bottom is usually taken by a 
solid piece of iron fitting tightly between the body of the piston 
and the spring ring, and extending for about one-third of the 
circumference. This piece is called the " cod " piece, and if it is 
necessary to line up the piston this must be done by inserting 
liners between the cod piece and the body of the piston. Pre- 
suming that liners have to be fitted, the next operation is to lift 
the piston, which is best performed by means of a hydraulic jack 
butting under the piston-rod nut. Care must be taken, by the 
use of a baulk of wood, that the foot of the jack does not injure 
the cylinder wall, and that the lift is no more than is necessary 
—!.«., say, ^ in. above the central position. Now remove the 
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cod piece or pieces (it is sometimes made in two or three lengths), 
and from it mark off the shape of the liners required, which may 
be made of any suitable material. Sheet iron is preferable, but, 
as there is not such variation in the thicknesses in which iron 
is rolled as in some other metals, it is often more feasible to 
make the liners of copper or "sheet tin." Before fitting them in 
place it is as well to think of the nature of the wear of the 
piston-ring. It is J(A-A^) in the centre, but this wear gradually 
decreases toward the sides, being probably reduced to nil at 
points on the horizontal diameter. Therefore, the liners will 
require thinning at their ends; otherwise the piston will bear on 
them before it does on the liner in the centre. This being done, 
the liners are now ready for fitting ; put them in place, making 
sure that they cannot work away from the cod piece to which 
they are fitted. As slots in the cod pieces are made to fit over 
small stops in the body of the piston the security may be 
assumed, but it is well to examine and see that the precaution 
has been taken. Now lower the piston down on the liners and 
cod pieces, and again measure to ascertain if it is central ; then, 
presuming this to be satisfactory, proceed to replace the springs. 
These should be pushed into place with a moderate pressure 
and, while doing so, the spring ring— which will probably have 
sagged away from the cylinder wall under its own weight — will 
be gradually pushed back into its proper position. The springs 
must be so set as to be able to push the spring ring up into 
contact with the cylinder wall when the piston has worn down 
about ^ in. Now examine the piston spring ring and springs to 
see that all is as it should be, and then replace the junk ring, 
screwing up the junk-ring bolts, each in its proper place. The 
next operation is to replace the guard ring or set screws for 
junk-ring bolts, whichever plan is fitted ; and here some slight 
adjustment may be necessary as the bolts may be screwed up 
a little tighter than before. This can be remedied by fitting 
thin tin or other washers under the heads of the bolts. Now 
fit the split pins to secure the guard ring, or set screws. After 
another examination of the piston to see that all is correct, the 
cylinder will be ready for cleaning, oiling out, examination, and 
closing up. 

Useful points in the adjustment of a piston are the provision 
of a couple of bags or mats to afford foothold for working in the 
cylinder. Next, the provision of a suitable spanner for the junk- 
ring bolts. With small pistons of V-section a box spanner, 
with a shaft sufficiently long for the wrench used with it to 
clear the piston-rod nut, is necessary. Junk-ring bolts are 
usually fairly tight, and a good long wrench or Samson is advia- 
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able. Lastly, in order to get a fair lift under the piston-rod 
nut, a piece of wood should be cut flat on the under side for 
the head of the jack, and with an angle cut out at the top to 
take the piston-rod nut. Do not forget to repack the piston-rod 
gland. 

When the wear of the spring ring has been excessive, pieces 
of metal may have been blazed into the walls of the cylinder. 
If the walls are rough they can be improved by smoothing them 
up with an oilstone. It may be here remarked that, when wet 
steam is used for the purpose of lubricating the cylinders, it is 
absolutely necessary to take off all manhole doors, and dry up 
and oil down the cylinder walls after getting into harbour. 
Similarly, oil should be introduced to the slide-valve faces and 
should be well distributed over them ; otherwise the walls and 
faces will be spoilt by rust. 

Cone on Piston-rod. — It is often a difficult matter to withdraw 
a piston-rod from its piston; to facilitate this operation for the 
next examination, coat the cone of the rod with a mixture of 
plumbago and mineral grease whenever the piston-rod is with- 
drawn from the cone. 

Yarious special means are now provided with the object of 
enabling the rod and piston to be parted. A strongback is 
provided which rests on the end of the rod after the nut has 
been removed. Studs pass through the strongback and are 
temporarily screwed into the piston hub, and the joint of cone 
and rod is forced apart by means of nuts screwed on the studs 
above the strongback. The studs may be secured in a clamp, 
which is made in two halves bolted together around the hub 
under a rim, cast on the circumference of the hub and flush 
with the upper surface. There are various other similar devices, 
of which the " nut extractor," fitted in the destroyers, consists 
of a large nut, bearing on the end of the rod and screwed down 
on a fine pitched thread, cut on the hub of the piston. 

Method adopted to remove a piston which was firmly seized 
on the rod. — A furnace, H, was fitted around the rod, and the 
latter heated by a charcoal fire until it had expanded ^ in. in 
length, by which time it was red-hot for nearly 2 ft. of its 
length. The furnace was then knocked away and lowered into 
the crank pit, and the steel struts, F, F (Fig. 19), were swung 
into place between the crosshead and stuffing-box. Wedges 
were driven in at G, between the struts and small blocks, the 
latter being of a suitable shape and fitting into the crosshead 
bolt holes. Inside the cylinder an annular cast-iron ring, E, 
made in two halves bolted together, was accurately fitted 
between the piston and stuffing-box. As the rod cooled, the 
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pressure was thus transmitted from the crosshead to the pistotL 
When the struts were in place, a water jet was plajed on the 
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Fig. 19. — Method of Withdrawing Piston-rod. 

heated rod to cool it, and, at the same time, a heavy monkey, A, 
was dropped on the drift, 0, so that the blow was transmitted 
to the piston-rod, and caused vibration. At the third blow the 
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piston and rod, parted, and the uut, K, which had been slacked 
away, held the piston-rod from falling. 

The cylinder was 96 ins. in diameter, the rod 8^ ins. The 
furnace was 2 ft. 6 ins. long, made in two halves hooked together; 
it had an annular space 2 ins. wide around the charcoal, through 
which the blast was applied to the charcoal fire, which was 3 ins. 
thick. The struts were 4^ ins. square in section. The cast-iron 
ring, E, was 2 ins. thick. B and D were wood casings forming 
guides for the monkey and drift. The monkey had a 6-foot 
drop and weighed about 5 cwts. Previous to this successful 
method the monkey had delivered very many blows, whilst the 
hub of the piston had been surrounded by a bath of 4 cwts. of 
molten lead, and a hydraulic press supported by struts from the 
armour deck had exerted a calculated pressure of 150 tons* 
The piston resisted every effort of the ship's staff for more 
than a week. At one time the piston was heated by gas 
jets issuing from a l^-in. gas pipe coiled under the piston, 
and the monkey delivered its blows, which were transmitted 
by the above hydraulic press, the latter being of a special 
pattern designed for lifting the heavy barbette guns when under 
repair. 

The first method described was successful in several other 
instances in which great difficulty had been experienced. 

The rod, on removal, was straightened by hydraulic pressure, 
and, after being skimmed up, was again serviceable when its 
length had been tested and adjusted. 

Method of Straightening Bent Piston-rods.— If the diameter 
of the rod is very small, and the bend is a comparatively long 
one in the middle of the length, the rod can be placed between 
the centres of a lathe ; it is then tested by revolving it under 
a scribing block, and straightened by means of a powerful 
hand lever. 

For a large rod, the rod should be slowly heated until the 
bent part is just red. A wood fire should be used, in order to 
prevent the rod scaling, and great care must be taken to 
prevent the rod being made too hot. The rod is then placed 
in a heavy lathe and forced into a straight line by means 
of a strongback clip. The strongback bears on the rod at 
three points, the outside two of which are underneath the 
rod and the middle one above and between them. The 
middle point of contact is made by an adjustable screw which 
applies the straightening force. The same principle is used in 
the design of the hydraulic jack (Fig. 20), which is used for 
large rods. It will be seen that no strain, beyond that caused 
by the weight of the rod, is transmitted to the lathe centres; 
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the rod is fixed fot* the application of the pressure it must be 
revolved and marked to indicate the nature of the bend; the 
part where the bend occurs, say at xx, should then be heated 
locally by a Bunsen burner made of suitable gas piping bent 
to fit around the rod with jets of gas playing all around its 
circumference. The heat should be discontinued when the rod 
is just showing red. 

The rod is then clamped down on the blocks in the proper 
position, as previously determined. When the hydraulic jack 
is applied the forces acting on the rod are as shown by the 
arrows; it is evident that the holding down bolts, A, should 
be as nearly in a line with the foundation bolts as possible. 
The hydraulic jack should be seated on the foundation block 
of the lathe. The rod surface should be protected by copper 
sheets at the points of application of the forces. Kods of larger 
diameter than about 4 inches must be dealt with when hot 
under a strong hydraulic press. The operation of straightening 
bends requires the attention of a skilled and experienced 
mechanic to prevent the occurrence of distortion at other points 
during the process. 

Webbing of Slide Passages, ftc. — Whenever a cylinder is 
opened out, the webs of the slide ports and passages should be 
carefully examined to ascertain whether they are sound. The 
webs should be sounded with a light blow from a hammer. If a 
web is found to be cracked it may be necessary to fit a patch 
over the crack. This patch may be of steel plate ; but in certain 
positions it may be better to ifit a patch cast to shape, moulded 
from a previously fitted pattern, and carefully bedded in position. 
In all cases the patch itself and the securing bolts should be of 
sufficient size to restore the strength of the part injured by the 
crack. All bolts must be firmly secured. Steel screwed stays 
are now very generally used for strengthening steam passages 
and the slide valve face. Webs are made with a bulb along free 
edges, and these latter should not be straight but curved, so that 
there may be less danger of a slight flaw in the edge developing 
into a crack under the cooling, or subsequent, strains. Some- 
times, instead of patching a crack, the strength may be made up 
by a steel bar stay fitted approximately at right angles to the 
line of the crack. In deciding on the way in which the repair 
is to be made, the run of the crack, the surroundings, and the 
apparent purpose for which the web was fitted, should be care- 
fully considered. In some cases, it may be decided that the 
crack can be safely let alone, but a small hole should always be 
drilled at each end of the crack to prevent any extension. A 
sketch should be made of any crack, wbeu discovered, for r^fer- 
^nce on future examinations, 
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Joints of Cylinder Liners. — To test these joints readily, take 
off the manhole doors of the cylinder and admit steam to the 
jacket only ; if no steam issues from the manholes get inside the 
cylinder and examine the joint. It is necessary to dry out the 
bottom of the cylinder before beginning the test. In most high- 
pressure cylinders no manhole can be fitted in the bottom, but 
the steam test can be applied, and, if the liner is leaking, steam 
will issue from the indicator cock, if opened to the bottom end. 
If there is no manhole in the cylinder bottom, the piston must 
be withdrawn to remake a bottom liner joint. A considerable 
time is required to remake this joint, and the first opportunity 
may not occur before the periodical refit of the machinery is 
taken in hand. A mixture of red lead thickened with picked 
asbestos fibre is a good material to use for pressures up to 135 
lbs. per sq. in. The joint should be tested by water pressure 
when dry. In the latest practice, with steam pressures as high 
as 250 lbs. per sq. in., the bottom liner joint is made by a con- 
tinuous ring of soft metal fitted in a groove between the flanges. 

When the indicator pipe is led through the side of the cylinder, 
a leak is often found where the pipe screws into the liner — 
especially after re-making or screwing up a bottom joint — owing 
to the fact that the liner has shifted relatively to the cylinder 
barrel. To overcome this difficulty annular plugs can be screwed 
Into the cylinder and liner, and, in the event of a leak, the holes 
can be brought into line, tapped out larger, and a larger screwed 
pipe fitted. If often refitted, new plugs can be inserted and a 
fresh start made with the small size of pipe. The plug must 
be properly secured to prevent it working round so that it 
would project beyond the working surface. 

Cylinder Mountings. — The sides, and sometimes the bottom, of 
a cylinder are covered with lagging, which must be partially 
removed in the event of a hidden leak ; subsequently, when 
steaming, the leaky point can be localised. The joints of the 
cylinder manhole doors should be made with asbestos sheeting, 
if it will stand ; this practice will save time and red lead during 
the frequent examinations. The studs of the lower door often 
rust quickly, especially if the neighbouring gland is leaky ; and 
the same remark applies to the studs used for adjusting the 
gland. 

The slide valve and cylinder valve face should be examined 
frequently. The surfaces should appear smooth and uniformly 
polished. During the examination the "lead" at each dead point 
of the crank, and the points of cut-off and admission on each 
stroke, should be ascertained. Before making these measure- 
ments see that the block in the independent arm on the weigh 
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in harbour has been reduced by one-third by a general refit of 
the piston slide valves of the auxiliary engines. 

To place the crank on the dead point, scribe a line on the 
piston-rod about ^ inch from the limit of the part which enters 
the gland; turn the engines ahead, and, when the scribed line 
enters the gland, chalk mark the tooth of the turning wheel 
which is opposite a convenient fixed mark. Then turn the 
engines ahead until the scribed line just emerges; mark the 
tooth on the turning wheel, which is now opposite the fixed 
mark selected; place a dis- 
tinguishing mark on the tooth 
midway between those found ; 
turn the engines astern, and 
then ahead, until the mid- 
way tooth is on the fixed 
point selected. The engine 
is then on the dead point. 
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Fig. 25.— Combination Me>tallio 
Packing. 



The engines must always be turning ahead when the marks 
come on ; otherwise an error will be introduced by the back- 
lash. The same process can be repeated for the other end of the 
stroke. If there is no turning wheel the method can be modi- 
fied by scribing lines on a shaft coupling or flywheel. 

If it is found, by comparison with the original setting of 
the valve, that the valve has dropped, it can be raised by 
inserting a liner between the valve and the collar on the 
§lide rod, or by re-adjusting the bottopa puts, if so fitted] 
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or, as an alternative, a liner may be fitted on the eccentric strap 
under the foot of the eccentric-rod. 

Relief Rings. — The pressure gauges fitted at the back of the 
relief ring will show whether the latter is efl&cient; but when 
the valve cover is taken ofi^, an examination should be made 
of the relief-ring springs and of the rubbing surfaces; the latter 
must be kept very smooth. 

The removal of the cover and the examination of a large slide 
valve is usually a matter of two to three days' work. 

G-lands of Piston and Slide- Valve Bods. — The glands of 
a high-pressure cylinder are now generally filled with some 
form of metallic packing, and, for the sake of uniformity, this 
arrangement may be used in the intermediate and low-pressure 
cylinder glands also. The metallic packing is secured by a box 
or cover, bolted home on the stuffiug-box flange and forming a 
steam-tight joint. The neck bush and lower sliding plate under 
the metallic packing may be so fitted that the packing moves in 
the box with the rod, the necessary clearance being allowed. 
Double glands are very generally fitted in H.M. vessels. The 
inner gland contains the metallic packing, and the outer gland — 
containing two or three turns of soft packing — is formed on the 
cover of the inner gland, as in the arrangement (Fig. 25) made by 
the " Combination Packing Company," which is suitable for pres- 
sures up to 155 lbs. per square inch. Springs are fitted, as shown, 
to keep the bearing surfaces in contact. These springs should, 
when in position, be compressed — for white metal rings, J inch; 
for yellow metal rings, ^ inch. The highest number marked on 
the edge of the packing rings goes next to the gland, F, and so 
on to the lowest number. The spring holder, O, and springs 
are put in first, and go next the neck bush. The numbers on 
the edge of the packing rings should be placed in line. Each 
set of metallic packing has a distinguishing letter marked on 
each segment, and each of the different glands has its particular 
letter. When refitting the packing, the working rings will 
generally require easing at the butts, to enable them to close on 
the rod ; this will reduce the total length of the packing, and it 
will be necessary to fit a liner at the bottom of the box, to 
obtain the necessary compression of the springs. In all cases, 
whether the packing be refitted or new rings are supplied, the 
overall length of the packing should be measured. The rings 
have lately been made in three segments tongued together, the 
butts of consecutive rings not forming a straight line; this 
pattern is thought to adapt itself to the rod closer when wearing. 
Fig. 26 shows a later type of the Combination Company's pack- 
ing, named the *' Floating Type." The parts are designed and 
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fitted with clearances (marked A in the sketch) to allow of a 
small swaying motion of the rod without leakage of steam. 
The wear, as it occurs, is taken up by inserting an annular 
liner between the parts 12 and F, of a thickness selected, to 
give the springs the original compression. 




Fig. 26. 

The packing illustrated in Fig. 27 has been found very 
suitable for the stuffing-boxes of piston-rods of fast-running 
auxiliary engines, such as those used for dynamos on board 
ship. The sketch shows the fittings necessary to adapt the 
stuffing-box of an 8-inch diameter rod designed for the use of 
soft packing, which latter did not prove satisfactory in practice. 

a, a are gunmetal bushes made in two halves and fitted to the 
cone of the existing neck bushes and glands (these would be 
unnecessary if the existing bushes were flat). 6, b are gunmetal 
rings made in three or more pieces, enveloped by a continuous 
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The composition of an efficient substitute for Belleville packing 
is given on p. 343. 

The United States Company's packing shows another arrange- 
ment of metallic rings. In this case the metallic rings are 
contained in a box, which is bolted on outside the cylinder. 
This packing (Fig. 28) consists of eight blocks, " Babbett " lined, 
which are held in strong rings (6) having pockets or horns, 
holding springs (7). The packing blocks are put together in 
sections, four blocks to a section. Each section is composed 
of two working blocks (6) and two guide blocks (5a). The 
joints between the blocks, in one section are at right angles 
to those in the other section, thus breaking joint. The blocks 
are regulated by springs, which merely keep the parts in place 
when the steam is shut off, as when steam is applied the steam 
pressure regulates and sets the packing. A ball joint (3) on 
one side, and follower (9) with springs on the other, give the 
packing free play and keep it steam-tight, thus annulling any 
awaving of the rod. 

To pack a gland with soft packing, cut off a length rather 
longer than the circumference of the rod ; angle the cuts so that 
.the ends butt together tightly; place the "turn" around the 
rod, insert the loose ends first, and then drive it all in by the 
use of packing sticks. Asbestos packing will stand a higher 
temperature than that containing india-rubber, but is more 
pervious to water. Many valve glands are packed with alter- 
nate turns of asbestos and india-rubber core packing, a turn 
of asbestos being placed nearest the steam. The joints of the 
consecutive rings should not be in a direct line along the 
length of the rod or spindle. If, on examination, the packing 
in a gland is found to be hard it should be replaced by new 
turns. 

Crank Shafts. — The following notes and sketches (Plate III.) 
are abstracted from a paper read by Mr. Manuel, superintendent 
engineer to the P. «fe O. Company (Proceedings of Inst, of Naval 
Architects, July, 1897) : — 

** Deterioration in crank shafts may be due to the oil for 
lubrication being squeezed out of the bearings, so that excessive 
friction is set up and hot bearings occur. Some of the bearing 
nuts may be slacked back, and salt water used for lubrication ; 
the surface of the bearing then gets rough, the shaft is strained 
by alternate bending, and sudden cooling and heating ; and, if 
the bad treatment is continued, the shaft gets out of line, 
fracture commences and continues until the shaft breaks. 

"Cases of crank-pin bearings which required renewal after 
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in this respect it was far superior to iron." Mr. Milton also said 
that he '' attributed the improvement in the durability of shafts, 
not so much to the adoption of the three-crank engine, as to the 
increased use of built shafts; the masses of metal were smaller 
and more immediately under the control of the forgeman." 

An example of a built-up shaft is shown in the illustration of 
that fitted in the " City of Rome " (Fig. 29). The weight of the 
three-throw shaft is 63 tons; it is made of fluid compressed 
stee], forged by hydraulic presses. The pins are shrunk in the 
webs ; the webs are forged from ingots, the holes being punched 
and afterwards forged on mandrils ; they are keyed as well as 
shrunk on the shafts. The amount allowed for shrinkage was 

I'ctru ^^ ^^® diameter.*^ 

Propeller Shafting. — Mr. Manuel stated that ''steel corrodes 
more quickly in sea water than iron; it must be protected from 
the sea water, and is then used with advantage. The best method 
of protection is to cover it with one length of gunmetal." In 
the sketches given, a method of jointing a gunmetal liner, which 
is fitted in more than one length, is shown. 

Flaws frequently develop around the shaft at the extremity 
of the gun-metal liner, and may be caused by corrosion (see 
Fig. 9, Plate III.). 

Mr. Milton pointed out that ''where a gun-metal liner was 
shrunk on, a rigid point was obtained, and the greater strain 
came just at the end of the liner. This led to the suggestion 
that liners should be made longer and tapered down until they 
were as thin as would enable them to be kept tight. In that 
case, if corrosion took place between the iron and metal, it was 
possible to cut a piece of the liner and so remove the liability 
of damage to another place. Failures of shafts were due to the 
way in which they were used. Tramp steamers often went to 
sea so light that their propellers were half out of water. This 
led to the blades giving a blow each time they entered the 
water, and it was the concussion thus caused that was hard on 
the shafting ; it was in steamers of this kind that the greatest 
number of failures were found." 

Mr. Holt, agreeing with Mr. Milton, said that twenty-three 
vessels in the N. Atlantic alone, broke their tail shafts last winter. 

Mr. Mudd said that 90 per cent, of the shaft accidents occurred 

* The common practice, for shrinking in the pins of connecting-rods, &o., 
is to bore the hole from two- to three-thousandths of an inch smaller than 
the pin for all sizes. The annular part is then heated to jast below a blood 
red, when the hole should be ^ of an inch large. The pin can then be 
forced home without risk of seizing. The same practice is followed in 
fitting the gunmetal sleeves on steel shafts. 
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to tail shafts. The galvanic action between the iron and brass 
cuts a fine nick, and the straining forces act at that point. 

The practice in the Royal Navy is to fit a gunmetal casing 
over the shaft in the stern tube and also over the part in the A 
frame, the latter casing is continued to enter the propeller boss; 
and these bearings are bushed and lined with lignum vitse. In the 
destroyers, no casings are fitted ; and the bushed bearings are lined 
with white metal. Exposed shafts are, in all cases, well painted 
with red lead outside the bearings. Water is prevented from 
entering the propeller boss by a shallow stuffing-box formed 
around the shaft, into which a gland is fitted, made in two 
halves bolted together when in place. 

The method of examining shafts for flaws or cracks with a 
microscope is recommended. The extent of a crack can be 
estimated by tapping the shaft with a hammer, to expel the oil 
or water collected in the crack. When a crack is discovered 
a centre pop mark is made at each end to determine at subse- 
quent inspections whether the crack is extending. 

Crank shafts for large triple expansion engines in the Royal 
Navy are made in three or four interchangeable lengths, so that 
if a crack or flaw developed in the after length it could be trans- 
ferred to the forward engine, where it would be subjected to less 
strain. Temporary repairs have been carried out on board to 
enable the ship to make port with a damaged crank-shaft. 

If the flaw extends across the web, as shown in the side 
elevation (Fig. 1, Plate III.), a strap is fitted right round the 
web and is drawn tight by bolts placed through flanges in the 
strap situated at one end of the arm. In the case of an auxiliary 
engine, the strap is welded and is shrunk around the arm. 

If the flaw is in the crank pin, a bolt can be run through 
the length of the pin if the latter is hollow. 

If the flaw is at the junction of one arm and the shaft, feathers 
are let into slots, cut across the break, at the surface and running 
parallel to the axis of the shaft; the feathers are secured to the 
shaft by countersunk screws. A similar plan is followed if the 
shaft breaks in the screw alley between two bearings, but then 
the feathers are secured by straps, running around the shaft 
and drawn tight by bolts through suitable flanges. 

Whenever such a repair has to be made, due regard must be 
paid to the nature of the straining actions to which the broken 
part and the temporary fittings are subjected. It is obvious 
that the engines must be run at a reduced speed so that the 
stresses to be resisted are proportional to the strength of the 
temporary connections. Such temporary fittings should not be 
regarded as merely keeping two parts together, but should be so 
placed as best to resist the stresses to be transmitted. 
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Alignment of Shafting. — As part of the complete refit or 
thorough repair of a ship's machinery, it is necessary to test the 
alignment of the shaft bearings, from the forward main bearing 
of the crank shaft to the bearing in the bush of the A frame, 
right aft, with a view to decide which bearings, if any, require 
remetalling. 

The method to be employed may be chosen from those de- 
scribed later, and will depend on the amount of wear observed 
in such bearings as may be withdrawn for examination, and, 
further, upon the time and money at disposal. 

The preliminary observations to be made include measure- 
ments of the wear down — that is, of the clearances above the 
shaft journals in the bushes of the stern tube and A frame, and 
also of the thickness of wood or white metal to be worn down 
before the shaft touches the metal of the bushes. From a 
comparison of these two sets of measurements with each other, 
and with those made from time to time since the bearings were 
last lined up, it can be decided whether new wood or metal is 
required. It will not generally be necessary to renew the 
wood, even at the commencement of a three-year commission, 
should the thickness still to wear be distinctly greater than the 
clearance space above the journal. It should be here remarked 
that the white metal in the bushes of the stern tubes and 
A frames of torpedo boat destroyers are usually refilled when 
the wear down is equal to the thickness of metal still left to 
wear. The clearance allowed is ^gg^ inch. 

If it is decided that the stem bushes contain sufficient wood, 
but that the plummer blocks and main bearings need new metal, 
then Method I. can be employed, which is as follows : — 

Method I. — The bolts are withdrawn from all the couplings 
on the shaft forward of the stern tube, and the tail shaft is 
drawn aft a few inches, so that each of the pairs of couplings 
can be opened sufficiently to clear the spigot ; the brasses are all 
removed from the frames and the various lengths of shaft are 
supported by liners placed on the frames, and are then adjusted 
so that the faces of the couplings come exactly fair ; each length 
of shaft, beginning from aft, being raised or tilted until the cir- 
cumferences of each pair of couplings are fair and the clearance 
between the faces is exactly the same all round the circum- 
ference. This adjustment can be made with great exactness 
by means of "feelers." The various couplings from aft to 
forward having thus been faired up, the requisite thickness 
of metal for each brass can be gauged, and the brasses can be 
refilled with white metal and bored to correspond with the 
gauge. Should the thickness of white metal in the forward 
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Fig. 30. 



main bearing brasses, so determined, be considered insufficient, 
the forward end of the shaft in the stern tube must be slightly 
raised in order to obtain a more suitable line of bearing. If the 
ship possesses gauges, as shown in Fig. 30, to determine the 

original position of the 
shaft, the proper thick- 
ness of white metal 
can be more readily 
checked. 

Method //.—Should 
the wood in the stern 
tube and A frame be 
badly worn,* as also 
the metal in the plum- 
mer blocks and main 
bearings, it may be considered necessary to sight through all 
the bearings, as was done when the engine was first erected 
in place. To carry out this operation the ship must be placed 
in dry dock, as it is necessary to completely remove all the 
shafting, both forward and aft of the stern tube, from its 
bearings; the blades of the propeller are taken off, and the 
shafting outside the stern tube and the propeller boss are rested 
on a temporary timber framework erected in the dock. 

The removal of the tail shaft is facilitated if the bushes in the 
A frame and stern tube are removed first, as the tail shaft can 
then be deflected from the line and drawn forward. 

The removal of the loose coupling just forward of the stern 
tube is generally an operation of some difficulty, as it is 
frequently found tightly seized, and must be well heated before 
it can be removed. For this purpose a giant torch or similar 
petroleum lamp is useful. The keys in the loose coupling are 
removed with the coupling by means of a bolt with a fine 
thread screwed into a hole drilled in each key and secured to 
a plate overlapping the face of the coupling. If the key fits too 
tightly, one or two holes drilled right through its length will 
often serve to loosen it. The coupling itself is removed by 
stout bolts screwed with a fine thread and rove through the 
holes in the coupling and through corresponding holes in a 
thick circular strongback plate pressing against the end of the 
shaft ; the nuts used on the bolts should be 1^ or 2 diameters 
in depth. Should the coupling not move under this treatment 
it must be further heated and longer bolts inserted, so that a 
hydraulic jack can be used, placed between the strongback and 
the end of the tail shaft. If these means fail, the coupling must be 
split in two halves by drilling a line of holes across a diameter. 
* The clearance allowed is yAv ^^ the diameter of the shaft. 
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Before the crank shaft and thrust shaft and collar s are removed 
the position of the crank shaft and thrust shaft in a fore and 
aft direction must be carefully marked so that they can readily 
be replaced in their proper position, and so facilitate the 
replacement and adjustment of the connecting-rod brasses. If 
the thrust collars are re- 
metalled their position will 
be modified slightly. The 
shafting and brasses being 
removed, stout wooden 
screens with a 2-inch hole 
are fitted up in the main 
bearing frames, and in 
those of the stern tube and 
A frame. These screens 
carry a sighting appliance, 
as shown in detail in Fig. 
31, secured to the screen 
over the hole in its centre. 
This appliance consists of a 
frame carrying two pairs 
of sliding shutters, which 
latter can be moved in 
directions at right angles 
to each other by means 
of the adjusting screws. 
When picking up the line 
of sight these shutters are 
run in until the aperture 
is about -^ inch square. 
When the screens are 




Fig. 31. 
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Fig. 32. 

fitted up a candle, or, preferably, an incandescent electric 
lamp, enclosed in a box with a parabolic reflector behind the 
light, is placed in front of and in a line with the foremost sight 
in the engine-room, at the point A shown in Fig. 32; the 
other sights are brought on by sighting through the eyepiece 
shown in Fig. 33, which is attached to the aftermost sight hole 
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in the A frame at 0. This eyepiece very much lessens the 
fatigue to the eye and the difficulty experienced in picking up 

the line. It is necessary to perform 
the operation of sighting at night, 
with a canvas screen or tunnel rigged 
up around the line of sights outside 
the ship to exclude any external and 
confusing source of light. 

The sighting appliances having been 
fixed, the most suitable alignment is 
determined as follows : — The first 
point fixed in the line is the centre 
of the stern bush at its foremost end, 
B (Fig. 32) ; this point must be 
determined so that the stern gland 
will enter freely; the next considera- 
tion is that the line chosen shall suit 
Fig. 33. the seating of the brasses in the fore- 

most main frame, and also the bore 
of the A frame, which holds the removable bush; to this end the 
line of sight must be tilted about the point B as a pivot until the 
divergences from the natural centres of the seatings at the ends 
A and C are equal. 

The best line having been thus determined, intermediate 
points in each bearing can be picked up separately, and the 
measuring circle needed to determine the thickness of each 
brass or bush is scribed on the frame from the centre so found. 
It will be found convenient to have not more than three or four 
small apertures in line at one time, in order to reduce the 
difficulty of picking up the line of light. 

The brasses should be sent to the shop to be remetalled when 
they are withdrawn, and separate gauges for each can be made 
from the data given by the circle scribed on each frame ; it is 
usual to stretch a wire through the centres of the crank-shaft 
main bearings for reference throughout the operation of boring 
the brasses. 

The wood strips in the bushes of the stern tube and A frame 
having been renewed, the bushes can be bored out, either in 
place by means of a boring bar, driven by a small portable 
engine and set from the data of the scribed circles, or in the 
shop if more convenient. 

After the brasses of the main bearings have been replaced, 
the shafting is bedded, for which purpose it must be lifted in 
and out of the bearings some three or four times until a proper 
marking is obtained by scraping the hard places made on 
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screwed up against each side of the lug; each separate collar can 
thus be independently adjusted if it works warm. The clearance 
of the collars should be j^nnr ^ Tinnr ^^ ^^ ^^^^ when the white 
metal is renewed. Means are also provided for shifting all the 
collars together. The thrust of the propellers, being transmitted 
by the shaft collars to the thrust collars, causes the latter to 
wear in course of time, and the whole of the shafting may shift 
forward. If such a shift has occurred it will be detected by the 
bright ring on the forward side of the propeller shaft bearings. 
Marks should be scribed around the circumference of a new 
shaft to furnish an indication of any future shift of position, and 
a gauge should be provided to show the original distance from 
some mark made on a fixed part such as the main bearing frame. 
A little clearance, about ^ inch, is sometimes allowed between the 
couplings of the propeller and crank shafting, but if the wear in 
the block exceeds this amount the crank shaft will be thrust 
forward and the crank-pin bearings may be thrown out of line. 
In such a case it is necessary to set the thrust block aft, bodily, 
by means of the screws fitted for the purpose. Any such adjust- 
ment must be done cautiously, as hot bearings may result from 
the displacement of grooves worn on the journals. If the crank 
shaft has been thrust forward, the clearance on the after side of 
all the crank-pin bearings will disappear, and the after crank arms 
may be found rubbing against the crank-pin brasses (see p. 115). 

All coupling bolts must be withdrawn and cleaned, from time 
to time, to prevent seizing ; those connecting the crank and pro- 
peller shafting are examined about once a quarter. Wrought-iron 
nuts are fitted to large steel bolts to prevent seizing. 

Fig. 35 illustrates a defect which occurred to the coupling 
bolts of the crank and propeller shafting of a torpedo boat 
destroyer. The bolts, six in number, were found sharply sheared 
across the sections x x. The loose ends of the bolts were prevented 
from working out by the proximity of the eccentric sheave, E, 
and the coupling continued to drive the propeller shafting until 
the first occasion of working the engines full speed astern, when 
the propeller shaft coupling drew clear and left the engines 
free to race. The bolt holes were found about -x^nnr ^^^^ ^^ > 
and, as is well known, any looseness of fit of coupling bolts 
rapidly leads to serious defects. Fig. 36 illustrates the tool and 
method employed to broach out the holes for coupling bolts. 
This operation should always be done with the shafts in place 
to ensure the accuracy of the line through the two couplings. 
The cutting edges of the rimer are shown at aa^ and the tool 
should be revolved in such a direction that it does not draw 
into the job. The bolts of the rigid couplings on crank and 
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in fresh water, which may be heated. After using soda in a 
condenser the interior must be thoroughly washed out to prevent 
any trace of the soapy matter formed entering the boiler. 

Periodical examinations are made by taking off the manhole 
and handhole doors, for the purpose of clearing out the grease 
deposited in the space provided for the condensed steam, and to 
examine the zincs and tubes. Zincs are fitted in the condenser 
to arrest corrosion of the tubes, or of the metal of the condenser, 
set up by galvanic action. Those immersed in salt water have 
the shortest life, and must be frequently renewed. The material 
of the tubes and condenser shell should be the same. The 
Admiralty specify 70 per cent. Ou, 29 per cent. Zn, and 1 per cent. 
Sn for the composition of the brass used. Condensers are some- 
times, for economy, made of cast iron, but sea water destroys 
this material in time, and renders it soft and spongy, so that, in 
some cases, the metal can be dug out with a knife. The zincs 
are secured, as in boilers, in the form of plates; they are also 
fitted in the form of rods. The metliod in the latter case is to 
provide screwed brass plugs into which the zinc rods are 
soldered. The plugs are screwed into certain of the holes for 
the tube glands, and are distributed over the surface of the tube 
plates. The plugs are provided with a square head for a 
spanner, and the rods project inwards along the length of the 
tubes. These rods must be frequently renewed. Of late, mild 
steel plates and rods have been used in lieu of zinc. 

Opening Out. — Before opening out the fresh water side of a 
condenser, it should be pumped out by whatever means is pro- 
vided for that purpose, and a certain amount of fresh water is 
thus saved. It is necessary to observe the precaution of airing 
a condenser after it is opened out, because the action of the 
water and zincs liberates hydrogen gas, and if a light is intro- 
duced for examination of the interior before the hydrogen has 
escaped, an explosion will occur. 

The tube glands are packed with tape soaked in hot tallow, or 
in linseed oil ; they need screwing up from time to time to 
prevent leakage. 

Tests for Leaks.* — The tubes of a condenser are liable to split; 
also, in spite of the zincs, the material is frequently pitted by 
corrosion, and pinholes are formed. t A very slight leak in the 

* The cold drawing process when used in the manufacture of brass tubes 
leaves them hard ; they should be annealed afterwards by placing them in 
a bath of molten lead for a few minutes; after withdrawal^ they should be 
allowed to cool slowly. 

+ A recent Admiralty order directs that air pipes of 1 to 2 incheB in 
diameter, should be fitted to condensers, to discharge the air carried in the 
circulating water. They are to be led above the water line from tho 
highest part of the condenser. 
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tubes of a condenser will, by accumulation, cause the water in 
the boilers to be salted, and to show a density; therefore the 
examinations of the tubes must be carefully conducted. The 
method employed to examine the tubes depends on whether the 
salt water passes through or around them. If the salt water 
passes around the tubes, and the latter are vertical, the ex- 
<amination is easy. Take off the manhole doors at the top and 
bottom, giving access to the steam and fresh- water spaces. 
Leave the salt-water space in communication with the sea. 
After a short interval, introduce a light under the tubes, dry up 
the spaces, and look for drips from the tubes. Taste the drops 
of water as they fall ; it is necessary to keep the top tube plate 
dry to find the leaky tube ; otherwise, if the top glands leak, thd 
salt water may run down a sound tube, because it is lower than 
the others. If salt water is running down a tube and the 
gluids are tight it may be inferred that there is a leak in the 
tube. The practice in such a case is to drive a turned conical 
plug of soft white wood into both ends of the tube. The tube is 
identified at the top tube plate by passing a long wire throu^ 
from the bottom. It generally happens that corrosion attacks a 
group of tubes, and, in some cases, 10 per cent, of the tubes 
may be so plugged before an opportunity occurs of replac- 
ing them by sound ones. Whenever a number of tubes have 
been corroded, it will be best to withdraw the whole for 
a thorough examination or renewal, and to test them under 
pressure singly. 

If the salt water passes through the tubes, shut the maia 
inlet and outlet valves tightly, and rig the outside plugs on the 
ship's side over the outlet orifices. Drain the condenser of 
iresh water. Shut off all gauge glasses and vacuum gauges. 
Blank flange the pipes communicating with the low-pressure 
cylinder and air pump, and also, if necessary, any drain pipes 
from the cylinders and from steam and exhaust pipes which are 
led to the fresh water side. Fill up the space around the tubes 
with salt water by a hose inserted before the blank flange is put 
on the inlet for exhaust steam. A cock must be introduced in this 
blank flange leading, by a copper pipe, to a test pump, by means 
of which a pressure not exceeding 30 lbs. per square inch is put 
on the condenser. The interior of the condenser being under 
pressure, the tube plates are carefully dried, and the ends of the 
tubes examined for salt-water leaks. The first proceeding should 
be to screw up the slack glands. There is sometimes difficulty 
in detecting a leaky tube, because the water pressure, being 
applied outside the tube, tends to close up openings, whereas 
under working conditions the salt water is drawn through from 

10 
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the inside by the outside vacuum^ and any rents are opened out. 
In such a case, all the tubes may have to be withdrawn and 
subjected individually to a water pressure applied internally. 
The author has experienced such a necessity, and, in the case of 
H.M.S. ^^Hebe," the condensers were proved to leak under steam, 
though when the condensers were cold and subjected to a water 
pressure no leak could be detected. It may happen that the 
leak occurs, not through the tubes but under the bolt heads 
securing the stays between the tube plates. It is advisable to 
withdraw the packing from the glands of a number of tubes to 
ascertain whether it is perished. If a jet of steam is discharged 
on to the tubes from a drain pipe, or through the eduction pipe, 
it may cause them to chafe, and the jet of steam itself may wear 
holes in the tubes, so that leaks are caused. To prevent such 
action, baffle plates should be fitted to distribute the steam 
delivered, and to take the momentum of the impact ; the tubes 
should be a close fit in the intermediate diaphragm plates in 
order to prevent chafing.* Such internal surfaces of a condenser 
as are exposed to sea water should be coated with a thin wash 
of Portland cement at each examination. If the usual waste of 
fresh water is suddenly diminished in quantity there is good 
reason to suspect a salt-water leak to the boilers, and the density 
of the feed- water should be immediately taken. The author 
adopted the plan of boiling away five-sixths of the water drawn 
off from the feed tank, before taking the density, in order to 
magnify the effect of a slight leak of salt water, which might 
otherwise escape detection by the hydrometer. 

When condenser tubes are withdrawn for cleaning or testing 
they may be found heavily coated with salt. If the salt is on 
the outside it may be removed easily by boiling the tubes in 
a solution of caustic potash, to remove all grease; and then 
immersing them in muriatic acid, after which they should be 
scoured with sand and well washed with fresh water to remove 
traces of acid. If the salt is inside the tubes it will generally 
be cheaper and more expeditious to renew the tubes and chop 
up the old ones as old metal. 

In re-tubing a condenser it is of the greatest importance to 
use cotton tape gromets made of the exact length of the stuffing- 
box and of a good fit around the tube and in the hole, the 
amount of screwing up can then more easily be judged from 
the level appearance of the glands in place. The inside end 
of the glands should not be bevelled, but should be left square ; 

* The holes in the diaphragm plate shoul^l be fitted with wooden ferrul^if 
around the tubes. 
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apparently the same depont that is found around the water line 
of boilers. 

India-mbber valves swell and become concave; thej need 
trimming after being in use. If the edges are cut back and the 
valve tamed over, the rubber is serviceable until it becomes 
soft and flabby. The grease can be removed by washing with 
hot soda solution. Templates of tin are made of the different 
patterns of valves, for the storekeeper's use. When a new 
supply is required, brown paper patterns are cut from the 
template and forwarded to the makers. 

Metallic valves are often used for the air pump ; they are 
formed of thin metal with either a flat or a corrugated suriiioe 
(Fig. 37), and are more generally used for the air pumps of 
auxiliary condensers. 

The plonger of an air pamp is often packed with gasket^ made 
of spun yarn plaited to a suitable thickness. One end of the 
gasket is jammed into a suitable hole, and, after being coiled in 
the packing space around the plunger, the loose end is sewn 
down. This form of packing is very serviceable if the speed of 
the plunger is not too high. When the gasket is worn out it 
can be picked to pieces by the fingers ; it should be soaked in 
linseed oil from time to time. If the packing ring is of gun- 
metal and becomes too loose in the barrel, it can be made 
temporarily serviceable by opening it out with a wooden 
mallet. 

The glands of the air-pnmp rods are generally packed with 
gasket ; if they are leaking the flame of a lamp will betray the 
fact, as will also the hissing noise made by the in-drawn air. 
The cups of the rod glands are sometimes filled with tallow, but 
it should be supplied in moderation as it has a most injurious 
effect on the boilers. 

The Circulating Engine and Pump. — These are generally 
vertical, inverted, direct-acting, single-cylinder engines, driving 
a centrifugal pump (Fig. 38), and supplied by steam from the 
auxiliary steam pipe. 

There is often an end thrust on the engine shafting, together 
with a disposition to wear down so that the clearance of the fan 
is destroyed on one side; consequently, one crank cheek may 
rub against a main bearing and cause overheating. To remedy 
this defect a small iron bracket may be bolted to the framing, 
carrying a brass plate which bears against the end of the shaft 
(Fig. 39). The brass plate is held against the end of the shaft 
by a set screw in the bracket, and is prevented from revolving 
by a stop. The lubricant can be supplied through an oil hole led 
to the centre of the brass plate, and distributed over its surface 
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by a groove cut across a diameter of the shaft end. This device 
will often improve the running of auxiliary engines, the axis of 
whose shafting is not quite horizontal. 

Choking of Passages. — The principal difficulty in the main- 
tenance of the circulating pump is caused by the iulet passage 
valve, or grating becoming choked with seaweed or jelly 
fish. In one case the author has seen about 12 ft. of pipe 
between the pump and valve almost completely choked by 
a growth of mussels, which extended even into the pump 
chambers; and this pump had been in continuous use. Weed 
boxes are fitted to arrest seaweed, &c, ; they are placed in 
an accessible position between the inlet valve and pump, 
and are formed by a grating, enclosed in a box with a 
cover secured by hinged bolts and butterfly nuts. If the inlet 
and outlet valves be shut, the weed box can be speedily cleared. 
Centrifugal pumps are often arranged so that the discharge from 
one can be used to wash out the suction of the other. For the 
same purpose a connection may be made from the deHvery of the 
fire engine pumps into the centiifugal pump suction pipe. Since 
the weed is always moving aft relatively to the ship, the bars of 
outside gratings should run fore and aft, and if vertical stiffening 
bars are needed they should be sloped with the forward edge 
inboard ; if possible, webs should be dispensed with in the case 
of inlet valves, nor should the centre spindle of the valve be 
guided through webs attached to the sides of the valve box, 
but should be carried into a guide piece in the bottom, since 
any obstruction in the water channel tends to accumulate 
weed, <fec. 

It is necessary to pay a good deal of attention to the auxiliary 
condenser when the ship is anchored in water infested with 
jelly fish, otherwise in a very few minutes the condenser may 
become overheated through the inlet choking. In such an event, 
if no weed box or other remedy is available, it is necessary to 
divert the exhaust steam from the condenser and to close the 
inlet and outlet valves tightly, after which a length of suction 
pipe must be rapidly removed. If the inlet valve be then sud- 
denly opened, and again closed, the obstruction may be washed 
through the outside grating into the bilge, or into a bucket or 
sieve held to catch the jelly fish. 

Steam pipes are subject to constant expansion and contrac- 
tion caused by changes of temperature. In long lengths of pipe, 
expansion stuffing-boxes are so fitted that the pipe is left free to 
expand or contract. The packing in these stuffing-boxes must 
be examined from time to time, and renewed if it has become 
hard, to prevent the pipe seizing in the gland. Very frequently. 
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however, the changes of length are taken up by the bends in a 
pipe, which is subjected to a continually alternating bending 
action at such places. It is under these circumstances that 
rents will develop in a copper pipe j the material becomes 
hardened and loses its elasticity, so that a small initial flaw will 
become gradually enlarged until a rent is produced. Copper 
steam pipes are often locally weak at bends, owing to the 
method of manufacture. A bent pipe is worked up &om two 
flat pieces of plate and is generally not of uniform thickness 
when shaped. To counteract the hardening, caused by the 
working conditions, bends and bellows joints should be annealed 
from time to time. Mr. Milton * makes the following remarks 
on the process of annealing: — "Tn tube works the pipes are 
uniformly heated over the whole of their length, care being 
taken that the flame is clear and contains an excess of oxygen. 
In the coppersmith's shop, both sheets and pipes are heated 
over open coke fires ; the flame may possibly be reducing — that 
is, may have a deficiency of oxygen, if the fire is a thick one. 
Oxygen is required to give ductility. The sheet or pipe is 
moved about over the fire, spot after spot being heated, gener- 
ally to a dull red ; and, after the whole surface has been thus 
treated, the copper is either quenched or allowed to cool, and is 
considered to be annealed. It thus depends on the workman's 
care and judgment to insure that every part has been heated, 
and there is considerable probability that some small part may 
escape full heating. Further, the heating cannot be uniform, 
nor can any part in general be retained at the red heat for any 
considerable time, nor is the temperature at any part raised to 
the same degree as is usual in tube works." 

It appears that to properly anneal a copper plate or pipe it 
should be uniformly heated to a temperature of about 1000** F.; 
that is, beyond a red heat, and should then be allowed to cool 
slowly. 

The greater number of accidents producing burst copper pipes 
appear to be due to the presence of a quantity of water in the 
pipe at the time that steam was admitted to it. Mr. Milton 
mentions fifteen cases, from that of the " Erin " in 1888 to that 
of the "Astrakhan** in 1893. Of these, seven were attributed 
to the presence of water in the pipe when the steam was turned 
on, and three to insufficient or defective arrangements for 
expansion. 

Mr. Milton recommends that the water should be drained 
from steam pipes by automatic traps. 

A plan has been described, in the routine for raising steam, 
* Proceedings of Inat, qf JSfavcU Architects, April, 1896. 
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in which the water in the main steam pipes is drained into the 
boilers. Before turning on steam to a section of pipe, all drains 
should be opened, and the stop valve just eased off its seating 
BO that a leak of steam passes and will serve to warm the piping 
gradually, and expel the water. If, on opening out, the loud 
and alarming noise, caused by the hammering of a column of 
water be heard, the stop valve should be inlme^]iately closed 
and a further interval allowed for the drains to clear the pipe. 

The source of a leak in a steam pipe should be located and 
repaired immediately it is noticed, to prevent a small flaw 
developing and, perhaps, occasioning a dangerous accident. 

Copper steam pipes, for steam of 155 lbs. per square inch 
(g^uge), are generally wound with wire to strengthen them. 
The wire is wound on under tension; if it is wound three 
strands at once, time is saved, and in the event of one strand 
giving way, there are still two to be relied upon. The ends of 
the wire are brazed to the pipe. 

The steam pipes of the later (1902) warships are made 
of solid drawn steel in diameters from 4 inches to 10 inches. 
These pipes are subjected by the manufacturers to a test pressure 
of 1250 lbs. per square inch. The flanges are drawn on by 
hydraulic pressure, and have deep neck pieces round which a 
row of chain ri vetting is placed, securing pipe and flange 
together. The joints between flanges along these pipes, were at 
one time made by jointless copper rings of triangular or other 
suitable section turned off a solid drawn copper pipe by the 
parting tool. The ring was kept in position by the circle of 
bolts around it; the joints so formed proved steam-tight, under 
pressures of 300 lbs., for large and small pipes alike. 

Experience has shown that the use of these copper rings leads 
to corrosion of the flanges ; the water which lodges between the 
flanges above the lower part of the circumference of the ring 
produces pitting in a circular groove, and after some years' 
service, on refitting the steam pipes, it has been necessary to 
face up the flanges in a lathe. This method of making joints 
is now superseded. In later practice the joints of steel steam 
pipes are made by facing the flanges on a surface plate ; the 
faced surfaces are then painted with thin red lead and are 
drawn closely into contact. It is obvious that if such a joint 
does leak the quantity of water lost must be much less than in 
the case of a leaky ring joint, on account of the reduction of 
space between the flanges. These flanges are generally faced to 
leave an opening of upwards of -^ inch at the outer circum- 
ference, as shown in Fig. 40. 

A cheaper method of jointing steel-pipe flanges is by taking 
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a cut across the face of the flanges in a lathe, using a V-shaped 
tool and a ^ inch feed, the cut being of sufficient depth to 
bring the serrations up to a fine edge. The flange is then 
faced back from zero at points on the circumference lying 
J inch inside the bolt holes up to ^ inch, or more, at the outer 
circumference, as shown in Fig. 40. The serrated faces are 
then painted with thin red lead and the flanges are drawn to- 
gether to crush the ridges of the butting faces one on the other. 
It sometimes happens after some years' service that the lower 
internal surface of horizontal steel steam pipes are found pitted 
along their length in consequence of the lodgment of water due 
to incomplete drainage. In many cases it is possible to turn 
the pipes through 180", so that the lower surface becomes the 
upper ; the corrosion is thus arrested, and the life of the steam 
pipe is extended. 




Fig. 40. 

The Admiralty specify that the welds of steel steam pipes for 
the ships now building are to be covered with a rivetted butt 
strap, ^ inch thicker than the metal of the pipe, the rivets to be 
kept well clear of the weld. The tensile strength of the acid 
open-hearth steel is to be between 24 and 27 tons per square inch. 
Each pipe is to be tested by an internal water pressure, before 
electro-zincing, to three times the boiler pressure, without show- 
ing any signs of leakage or porosity. This test to take place after 
the flanges are fitted and the pipes are finished. These pipes are 
zinced externally by electro-deposition after being pickled. 

Professor Arnold* has examined the composition of the braz- 
ing of the flanges and joints of a number of copper steam pipes 
which have been some time in use. He found in certain cases 
that the zinc was dissolved to a greater or less extent, probably 
by the action of fatty acids. As an instance, an analysis of a 

* Electrical Review, May 27, 1898. 
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certain brazing, originally consisting of half zinc and half copper, 
gave the following result : — Metallic copper, 0*768 ; zinc oxide, 
0-224; fatty acid, 0014->total, 1006. In such a case the 
brazing, after some time, consists of copper in a cellular mass, 
the cells being filled with acid, and the percentage of copper 
present being fax more than in the original spelter, owing to the 
destruction of the zinc. 



List of Vessels in which Inquiries have been held by the Board 
OP Trade as to the Cause of Casualties to Steam Pipes of 
British Vessels since the Case of the S.S. *<Elbe" in 1887 
{MiUon). 



Name of 

Vessel. 


Date of 
Casualty. 


Casualty, Cause, ieo. 


Erin, . • • • 
Bryn Glaa, . . 
Springbok, . . 

Jumna, • • . 

Number Throe, 

Greenoastle, . 
Rohilla, . . . 


1888 
1888 
1890 

1890 

1891 

1891 
1891 


Wrought-iron pipe, oonnecting top of water 
gauge to boiler, corroded and burst. The 
pipe was apparently twenty years old. 

Intermediate stop valve cover broke, attri- 
buted to the wheel for opening the valve 
being turned the wrong way. 

Main steam pipe of copper, 6 ins. diameter, 
^ ins. thick, broke away from the flange 
next the boiler stop valve, due to faulty 
construction and to imperfect repairs. 

Main steam pipe of copper burst at the lap 
in a bent portion near the boiler stop 
valve, probably due to defective work- 
manship in the original brazing. 

6i ins. diameter copper steam pipe burst at 
the brazed joint of the bend near throttle 
valve. The brazing was thought to be 
defective, and the accident was attributed 
to the presence of water in the pipe. 

Steam pipe broke at the flange on throttle 
valve. An expansion joint was fitted, but 
it was not so arranged as to take the 
strain off the flange. 

Copper pipe 14 ins. in diamettr, failed at 
the seam, which was rivetted and brazed. 
Accident was attributed to the presence 
of water in the pipe. 
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List of Vessels in which Inquiries, &o. {coTUimied), 



Name of 

Vessel. 



City of Lincoln, 



Shannon, . . 



Vulcan, . . . 



Date of 

Casualty. 



1891 



1892 



1892 



Grimsby, . . 



Astrion, . . . 



Viola, . . . 



Othello, . . . 



Astrakhan, . . 



1892 



1892 



1892 



1893 



1893 



Casualty, Cause, <fec. 



Copper pipe 6} ins. in diameter, cracked 
through the solid copper at the edge of 
brazed seam. Accident was attributed to 
the presence of water in the pipe and to 
the existence of old flaws. 

Branch steam pipe of copper 8 ins. in 
diameter burst. Accident was attributed 
to the impact of water in the pipe, set in 
motion by the admission of steam horn, au 
auxiliary boiler. 

Main steam pipe 6 ins. in diameter, failed at 
brazed seam, after five years' use. Pro- 
bably due to the development of a latent 
defect, and possibly through want of suffi- 
cient provision for expansion. 

Main steam pipe 9^ ii^s. in diameter, burst 
at a part adjacent to the brazed seam. 
Casualty attributed to water in the pipe 
set in motion when the stop valve was 
opened. 

Copper T piece, exploded at the junction of 
two 6-in. pipes with one of 9 ins. Failure 
was attributed to the movement of the 
boilers and to the expansion joint having 
become set fast. 

Stop valve box of cast iron burst. Accident 
was attributed to the accumulation of 
water in the steam pipe, the draining 
arrangements having been allowed to get 
out of order. 

Small steam pipe H ins. in diameter, burst 
by tearing awaj from the flange. Attri- 
buted to vibration of engines. 

Winch steam pipe broke, due to water in 
the pipe being set in motion when steam 
was turned on. 



Repair of Copper Pipes. — The most common form of repair is 
by the application of a patch over a small hole caused by corro- 
sion, or over a rent developed along the length of a pipe. 
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The metal is carefully cleaned with a file, emery paper, sand, 
and acid, and is brightened around the weak spot. The patch 
to be applied is cut out of sheet copper, of thickness not greater 
than that of the material of the pipe, and is shaped to overlap 
the rent; it is bound in its place by wire. If the patch is made 
from too thick a material it will obstruct the passage of heat to 
the spelter and the surrounding material may be burnt. A clear 
bright coke fire is made on the smith's forge and the pipe is 
placed in position; the spelter is mixed with borax and is applied 
from the inside of the pipe, being caused to flow between the 
patch and pipe, and is prevented from running right through, 
by skilled manipulation with an iron poker. 

An important point in connection with brazing is the appli- 
cation of the loam, which is applied on the pipe to direct the 
heat to the required spot and to protect the neighbouring flange 
or metal. If a pipe leak through the fillet on the neck of a 
flange, a stout piece of copper wire is tightly stretched around 
the bead, and spelter is run over it. Loam must be applied to 
protect the under surface of the flange, and is built up to form 
a wall to enclose the melted spelter. The heat is transmitted 
through the inside of the pipe, which is hung vertically over 
the fire so that the under side of the flange is as close as possible. 
The top of the pipe is usually closed with an iron plate, to 
prevent a current of cold air passing through. It will frequently 
happen that the metal of the pipe has been eaten away in the 
flange ; in such a case the flange must be cut off and rebrazed on 
the shortened pipe. It will be necessary to insert, at the joint, 
a loose distance flange of the requisite thickness, to make up for 
the shortened length of the pipe. 

Joints. — The remaking of defective joints forms a considerable 
portion of the total work of repair. In warships, after firing 
practice, the engineer is sure to find a number of puddles on 
the plates, caused by the drip from a leaky joint overhead. 
Leaky joints should be re-made as soon as possible, as they cause 
the parts in their vicinity to be rapidly corroded. The material 
most used for joints of steam pipe flanges is red lead, mixed 
with white lead and oil into a fairly thick paste. The paste is 
spread uniformly over the joint, and a length of asbestos twine 
is then laid inside the bolt circle. For pressures of 155 lbs. per 
sq. in. the paste is strengthened and improved by mixing with 
it a quantity of shredded asbestos, which may be obtained by 
unravelling gland packing. As an alternative a wire gauze 
joint is cut and covered with thin red lead. Asbestos sheeting 
is also used, but is rather permeable, and if water be present in 
the pipe an asbestos joint will probably leak. To prevent this 
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both sides of the asbestos should be painted with red lead before 
it is inserted in the joint. 

The joints of steel steam pipes for high-pressure steam have 
been previously mentioned (see p. 152). 

India-rubber insertion is used for cold water joints only, such 
as those on bilge and circulating pumps. 

Asbestos sheeting or rows of asbestos tape are used for joints 
which have frequently to be broken, such as those of cylinder 
manholes and evaporator covers, to save the expenditure of red 
lead. When wire gauze or sheeting is used for joints it some- 
times happens that the workman forgets to cut out the central 
part, and hence the passage of the steam or water is blocked. 
No joints on steam pipes will give satisfaction unless proper 
provision is made for expansion and contraction. The nuts of 
tie bolts securing expansion glands should be protected against 
unauthorised alteration; a case has occurred in which the whole 
line of joints on a steam pipe were broken through, these nuts 
being ignorantly screwed up hard when the pipes were hot and 
expanded. Joint flanges must be sufficiently thick, and the 
pitch of the bolts must be small enough, to prevent the flanges 
springing when the joint is screwed up, or when the pressure is 
applied. Flanges which were originally too thin are often found 
''cupped'' when the joint is parted; the face of the cupped 
flange must then be levelled, thereby further weakening it. 

The £EM)es of two flanges to be connected must, of course, lie 
perfectly parallel, and should on no account be pulled £ur by 
the bolts. The flanges should be of sufficient width, and should 
be so placed that a spanner can be properly fitted on all. the 
nuts, to enable them to be properly tightened up. A joint 
often gives trouble because the flanges are so near a bulkhead 
that some of the nuts are difficult of access. In such cases, the 
joint can be more easily pulled up tight if the nuts are made of 
doable the ordinary depth, with two hexagons machined on 
them one above the other, the points of one hexagon halving 
the faces of the other. In the case of awkward single bolts, a 
nut of doable the usual depth may enable the spanner to clear 
the adjacent nuts. 

To Refill a Bearing with White MetaL— Ascertain that the 
brass fits its seating, it may have been closed in by overheating; 
next make centre pop marks on the two flat faces of the brass at 
opposite ends of a diameter, and fit a trammel to the measure- 
ment, corrected if found necessary. During the ''filling,'' a brass 
may alter in diameter and the trammel is necessary for re-adjust- 
ment later. Make chisel marks on the ends of the brass to mark 
the position of the brs^s dividing strips between the areas of white 
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metal. The white metal lying above these strips after refilling 
is removed in a planing machine or by chipping. To remove the 
old metal, the brass is placed over a wood fire laid on an iron 
floor-plate, and the metal is run out ; this process also removes 
any grease. When the brass is cool it is placed in a bath 
of sulphuric acid for fifteen to thirty minutes; it is after- 
wards well scoured with sand or ashes. The brass is then 
sponged with spirits of salt, and is placed on the forge for 
tinning. The bearing being uniformly heated, the tinning is 
efiected by rubbing sticks of tin over the heated surface ; sal 
ammoniac is freely thrown on the melting tin, and the latter is 
spread uniformly over the surface by a piece of clean oakum. 
The operation of tinning a brass of about 20 inches diameter 
should occupy about two hours, as it is important that a well- 
tinned surface should be secured. The hot bearing is now 
placed in sand, and the mandril, after being whitewashed, is 
then supported in the bearing, in the proper position to obtain 
the requisite thickness of white metal by resting it on small 
distance pieces of the same material. The ends of the bearing 
are closed by thin flat plates embedded in the sand ; the melted 
white metal is then poured in the annular space from a suitable 
iron-melting ladle or pot. At this stage the brass should still 
be too hot to touch. The white metal should be poured in as 
quickly as possible, to ensure that the whole bulk is liquid at 
the same time; the proper temperature for pouring Babbett's 
metal is 580** to 600** F. When the metal is cooling, hot iron 
rods should be applied to the top surface to ensure that the 
white metal cools from the bottom upwards, and to prevent the 
metal becoming porous. In filling small bearings the mandril 
can be dispensed with and the brass can be filled up solid; later, 
the superfluous metal can be removed by a red-hot iron bar of a 
diameter rather smaller than the journal. The use of red-hot 
iron bars is also applicable to remove superfluous metal in large 
bearings. After the white metal has set and the bearing is cool, 
it is opened out to the proper dimension, as shown necessary by 
the trammel, by hammering the white metal surface. The 
rough surface must be turned up, or filed if no lathe is available, 
and scraped until the bearing receives a proper marking from 
the journal. 

The operation of tinning a large iron or steel thrust collar is 
more troublesome than in the case of a brass ; about six hours 
is required for the two sides, and the tin must be well rubbed in 
with flat-ended iron rods. In tinning the reverse side, the heat 
must be regulated so that the tin on the side towards the fire is 
not run off. The two sides of the collar are filled with wjiite 
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metal in one operation. To do this, the collar is placed flat over 
a large cast-iron block about 4 inches in thickness, and is sup- 
ported at about 1 to f of an inch above the block hy suitable 
packing. <^ Irons " of -j^inch plate are cut to confine the white 
metal on the inside and outside circumference of the rubbing 
surfaces. The ahead and astern white metal surfaces are con- 
nected by a proper number of holes bored through the steel 
casting, a^nd afso Ij large passage-ways arranged b| bending iu 
the inner or smaller " iron.'' After the white metal has been 
poured, the upper surface is kept molten by red-hot iron rods, 
and a little more white metal is poured on from time to time as 
the surface sinks. In order to obtain a suitable close surface, it 
should be arranged that from ^ to | of an inch is turned off the 
thickness of both faces in the lathe. "^ The composition of the 
white metal used in bearings varies somewhat; the following 
mixture has given very good results in engine bearings: — Copper, 
1*8 per cent. ; tin, 89*3 per cent.; antimony, 8*9 per cent. 

Casting. — Brass castings can be made on board ship. The 
sand mould is made, as in the shops, in suitable boxes. To melt 
the brass the smith's forge is employed. The crucible containing 
the brass is surrounded by a coke fire, built up and enclosed by 
a temporary arrangement of firebricks. No special difficulties 
are experienced, by a capable workman, other than those common 
to shop practice. Iron castings have also been made; an iron 
drum was used as a cupola, air being supplied by a temporary 
trunk led from one of the ship's fans. 

DBY DOCEIINa. 

Steel ships which are not sheathed with wood require to be 
docked once in six months, in order that the skin plating may 
be cleaned and recoated with composition. Before entering dry 
dock the chief engineer is expected to bring the ship upright by 
pumping up or running down the water in some of the boilers, 
by flooding a wing compartment, or occasionally by training the 
barbette guns. A special plummet is hung in a particular place 
for this purpose. Whilst in dock the trim is preserved, and 
no material changes are made in the disposition of the heavy 
weights carried. The coal used in dock must be taken equally 
from both sides, and if boilers are run down for cleaning they 
must be treated in pairs, one on each side of the ship. 

As the water is pumped out of the dock the deck hands scrape 

* In the copperdmith's shop, the thrust collar is placed in a vertical 
plane, secured in a proper sheet-st^el casing, which latter can bQ used fo]^ 
the whole set of collars. 
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and scrub down the side, from floating stages; later, the men 
of the constructor's department apply the composition, from 
stages slung around the ship's sides and erected from the dock 
floor. 

On entering dock the engineer stops the circulating engines 
in good time and diverts the exhaust steam from the auxiliary 
engines to the atmosphere, since after the water is pumped out 
of the dock there will be no circulating water for the condensers. 
A hose is then rigged from a shore hydrant to supply fresh feed- 
water to the boilers in use for auxiliary machinery. In H.M. 
dockyards a demand note for the fresh water required must be 
sent in previously to entering dock. 

The various groups of flooding valves, for the magazines, are 
connected up by hose to a salt-water hydrant from the shore, 
the hose pipes are screwed on to the deck attachments of the 
special pipes communicating with the flooding pipes. 

Hose connections are also made from the shore hydrant to the 
fire main, for use in case of a fire occurring on board. 

Under- water Fittings. — The department is employed in 
refitting the sea inlet and outlet Kingston valves, and the various 
zinc protectors; also in examining and testing the propellers, stem 
gland packing, and outer shafting whilst the ship is in dry dock. 

List of Sea Valves. 

Inlet and outlet valves for main oondensers. 

auxiUary oondensers. 

fire and bilge engines. 

hand pumps throughout ship. 

evaporators and distillers. 
Sea-suction valves and cocks of foed pumps. 
Blow-out valves and cocks for boilers. 
Inlet for circulating water to air compressors. 
Outlets for submerged torpedo tubes. 

Refitting Valves. — The refit of the above Kingston valves and 
sea cocks comprises the following operations : — Kemove the out- 
side gratings fitted to suction orifices, clean the gratings ; scrape 
and clean the tubes leading through the D.B. or wing spaces ; 
remove the valves, clean them and refit them and their seatings. 
Valves which are badly pitted should be turned up in the lathe. 
Any internal pipes suspected of being choked should be removed 
and cleared if necessary. The zinc protectors fitted to all inlet 
and outlet tubes are examined, and renewed if necessary. The 
valves must be examined to make sure that they are properly 
secured in place and closed, and that the gratings over the inlets 
are replaced with the nuts secured on the studs by split pins, 
before the ship is floated. After the valves are replaced, and 
before the gratings are replaced, the tubes are painted with the 
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composition used for the ship's bottom.* Special plugs, for the 
more important outlets, are provided. They are carried on long 
levers, which are hung in brackets on the ship's side by pivots 
at the middle of the length. The upper end of the lever being 
forced out from the upper deck, the plug is jammed into the 
orifice below. These plugs are made water-tight by means of an 
india-rubber joint, which may be coated with white lead and 
tallow. Whenever the ship is in dry dock, these plugs are 
adjusted and examined in place. 

Propeller Shafting. — On every occasion of the ship going 
into dock the outer shafting should be carefully examined ; and, 
if not covered with brass throughout, the steel parts should be 
thoroughly seraped, cleaned, and painted with red lead, all signs 
of rust being first removed. If pitting is observed, protective 
zinc slabs may be fitted on the shaft. There are zinc plates 
fitted on the stern tube and on the A frame which must be 
examined. The wear in the bearings of the A frame, and in the 
end of the stern tube, is noted by means of wooden wedges 
about ^ inch wide, which are driven in ; when withdrawn, the 
maximum thickness of the part which entered is measured. At 
the same time, the amount of white metal, or lignum vitse strips, 
to be worn down before the shaft touches the liners should be 
measured in the above bearings ; if necessary, these bearings 
should be lined up. Withdrawable liners to facilitate this 
renewal are now usually fitted, otherwise the shafting must 
be withdrawn. The propeller nut should be taken off to see if 
water has had access to the thread, and, after the examination, 
this nut must be carefully jointed; in any case, the nut should 
be hammered up hard, whether taken off or not, and the keeps 
should be refitted as requisite; the cover plates should be 
removed, and the bolts securing the blades should be examined. 
The surfaces of the blades should be cleaned and smoothed, any 
pitting which may have occurred, generally at the back of the 
leading edge, being noted, f 

In some ships sheathed with copper, it has been found that 
the bronze propeller blades have suffered from extensive cor- 
rosion down the back of the leading edges and all over the outer 
third of the back surface of the blades. The Admiralty direct 
that the corroded surface is to be smoothed as far as practicable, 
without unduly reducing the thickness, the edges are to 1)e 
trimmed, and the pits remaining are to be filled with gold 

* See Lewis* Service CJiemiatry, p. 444, for anti-fouling composition. 

t The holes drilled in propeller blades for the attachment of the lifting 
shackles should be fitted with tight-fitting wooden plugs. In some cases 
the wash of air and water througn these holes has eroded grooves on the 
back surface of the blades in the wake of the holes. 

11 
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mze Btoppingy and the whole surfaces are to be afterwards 
smoothed. No outer bottom composition whatever is to be 
applied. If gold size stopping is not available, a wash of Fort- 
land cement, covered afterwards with a coat of red-lead painty 
will give good protection. 

In the case of a general refit, the bosses should be removed to 
examine the shaft cone; this is more urgently needed when no 
gland is fitted at the forward end of the boss, because, in such 
cases, rapid deterioration of the shaft at the fore part of the boss 
has been noted. An indication of such corrosion may be given 
by rust marks on the fore face of the boss. All small screws 
and bolts should be sounded and otherwise examined, as cases 
have recently occurred where the whole of these fittings required 
renewal. If made of good rolled naval brass, they are reliable 
and lasting. See that the key securing the boss fits tightly. 

The fiic&on test of the shafting is made thus: — The coupling 
bolts of the inside after coupling are withdrawn, and, if desirable, 
the packing is taken out of the stem gland. One end of a spring 
balance is attached to a certain blade at a known radius, where 
a hole is generally provided for an eye bolt. The blade selected 
is placed in a favourable position, and a tackle is attached to the 
other end of the spring balance; the shafting is then pulled 
round by means of this attachment, and the lowest reading on 
the spring balance is noted. This will be obtained when the 
pull is at right angles to the blade. The record made includes 
particulars of the amount of the weight or pull, the radius of 
application, and the condition of the stem gland. 

Pitch of Propeller. — To measure the pitch of a blade fitted 
in place on a shaft, fit a long batten with a cross-piece firmly 
attached to one end, and shaped to the curvature of any suitable 
turned flange on the boss or nut, in such a manner that the 
batten can swing around the axis of the shaft as a centre, and in 
a plane perpendicular to the axis of the shaft. Select a point, P 
(Fig. 41), on the batten, distant r from the centre, O. Mark 





r _ 

Fig. 41. — Measuring the Pitch of a Propeller. 

two points, A and B, on the blade at the radius, r. Measure tho 
distance A B, which should not be large, and the distances F A, 
P^ B; the two latter must be perpendicular to the batten. 
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Let 
Then 



C^ - a^ fe b^- and 6 : 2 x r : : a : pitch. 



As blades often have a variable pitch, these measurements 
should be made at as many points as thought necessary. 

Fig. 42 shows a more accurate arrangement used in the dock- 
yard to ascertain the pitch of a propeller. The apparatus 
consists of a gunmetal ring or base plate mounted on a wood 
framing, which is slipped over the propeller nut and secured 
flat against the turned face of the boss by means of the studs 




aj=W 



Fig. 42. 

fitted for securing the bonnet of the nut. The circumference of 
this base ring is fixed concentric with the shaft, with its face at 
right angles to the axis of the shaft. Turning on the base ring, 
in a paraJlel plane, is a second gunmetal ring, with its circum- 
ference graduated in degrees. A pointer on the base ring marks 
the angle through which the movable ring is turned. The 
second ring carries a graduated radial arm, which can thus be 
revolved in a plane at right angles to the axis of the shaft. A 
graduated pointer is carried on the radial arm, as shown, and 
can be clamped at any desired radius. This pointer can be 
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moved, in a direction parallel to the axis of the shaft, to touch 
the surface of the blade, and the difference of two readings on 
the pointer for a known arc of turning of. the second ring gives 
a measure of the pitch at a certain radius. The graduations of 
the second disc can conveniently show arcs of 10^ around its 
circumference; if the difference of the readings of the pointer 
when touching the surface of the blade at the two ends of an 
arc of lO"* be p inches, then the pitch of the blade at this radius 

will be Y^ X j^ = Sp feet. 



LIST OP MORE IMPORTANT SPARE GEAR CARRIED 

IN H.M. SHIPS,* 



(a) For thb Main Engines: — 



i set 
1 in no. 
i set. 
. 80. 
1 set. 



Air pump connecting-rods or links, .... 

Air pump rod complete, 

Bolts and nuts complete for one main shaft coupling, 
Bolts and nuts, turned and fitted for engines, assorted. 

Bolts for junk rings, 

Brasses for link motion, 1 of each size. 

Connecting-rod bolts and brasses complete \ 2 sets of brasses for one 

for each end, / rod, and 1 set of bolts. 

Cylinder valve faces and screws complete, or piston 1 i ^f ^^^u ^i^^ 

valve liners, . . . . . . . f ^oi eacn size. 

Eocentric-rod and strap complete, of each kind, . . 1 in no. 
Filtering material and frames for grease extractors, • • 3 sets. 
Lignum vite strips and facings, for all parts so fitted, . 1 set. 

PaokiBg. metallio. . . .f'±^::*KS&^'"' 

Packing rings complete for flat slide valves. 

Packing rings complete for piston. 

Packing rines for air-pump pistons, . 

Piston compete for low-pressure cylinder, , 

Piston rings for piston valves, . 

Piston-rod orosshead slipper. 

Piston-rods of each size, complete. 

Propeller blade, right and left handed, complete 

with bolts, .... 
Slide rod of each size. 
Springs for each piston for one set of 
Thrust collars for one set of engines. 
Valves LR. for each fitted, 
Valves, metallic. 

White metal bearinss, mandrils for. 
Zinc fittings for condensers, 

(b) Fob the Auxiliabt Engines : — The establishment of spare gear is 
equally extensive. 



engines. 



1 set for eadi size. 

1 set for each cylinder. 

1 for each fitted. 

. 1 in no. 

1 set for each valve. 

in no. for each kind« 

. 1 in no. 

} 

1 in no. 
i set. 
1 set. 

2 in no. 
J ret. 
1 set. 

3 sets. 



1 of each hand. 



* r\ 



This list is not given as exact for any particular ship. 
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When spare gear is provided suitable for a number of different 
positions, the final fitting is generally left till the occasion arises, 
in order to allow for small variations caused by wear ; and the 
following or similar differences may be found : — 

Piston-rods. — Spare rod too large, necessitating new neck 
bushes and packing, owing to working rod having been trued 
or skimmed up. Slipper to be adjusted to guide face. Piston 
cone to be fitted. 

Crank shaft. — Ooupling bolt holes to be broached out, key ways 
for eccentrics or turning wheel to be cut. Brasses may be too 
small for the new journals. 

Crank-pin brasses. — Size or pitch of bolt holes to be adjusted. 
White metal of bearing to be turned out or eased at the horns 
owing to the allowance left for the wear of journal ; oil ways to 
be cut. 

Piston spring ring may be either too narrow or too wide, 
involving work on the junk ring or on the spring ring itself. 
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CHAPTER IX. 

PRESERVATION AND REPAIRS OF BOILERS. 

Maintenance — Fresh Feed- water. — In H. M. vessels every 
endeavour is made to keep the feed-water fresh and free from 
salt or oil. The water required to make good that lost by 
leakage is supplied by a powerful distilling plant (see Avanliary 
Machinery), and sea water is no longer supplied to the boilers 
under normal conditions of working. A sea suction pipe is, 
however, still fitted to the auxiliary feed pumps, for use in case 
of emergency ; this suction pipe is fitted with an additional 
valve, to lessen, as far as possible, the chance of sea water 
leaking through when the pumps are in use on the reserve or 
feed tanks. 

Filtration. — The condensed steam from the hot wells is filtered 
by passing through special filter tanks containing clean cinders 
or coke, or diaphragms over which a covering of Turkey towel- 
ling, sacking, or other suitable material is fixed. The oil and 
dirt are retained in the filter tanks, and the interior fittings must 
be cleaned or renewed at regular intervals. The filter tanks 
are often placed above the level of the feed tanks, and a special 
hot-well pump is then fitted to draw the water from the air 
pump hot well and lift it to the filter tanks, hence the duty of 
the air pump is not increased. Although the use of feed-water 
filters is beneficial, yet every effort must be made to reduce the 
quantity of oil introduced into the cylinders. In recent practice 
the greater part is introduced by the piston and slide rods. 

Changing the Water. — The water in the boilers should not be 
changed.unless this course is necessary for cleaning purposes or 
because the density is too high, since the air admitted on refilling 
is prejudicial and causes corrosion. 

Acidity, — Any tallow and vegetable oils which may be carried 
into a boiler become decomposed and form fatty acids, but the 
water in the boilers may be kept neutral by the addition of soda 
to the feed- water. The soda is dissolved in hot water and added 
to the feed- water through the soda cocks on the condensers. 
A very small quantity suffices under the conditions of recent 
practica The water is tested from time to time by litmus 
paper.* A number of small tins, painted with numerals and 
fitting in a tray, is convenient for this purpose. The water 
being drawn from each boiler into the corresponding tin, 

^1 1. +jjg hydrometer cock, the tray can then be carried 

"ay light for the test. 

* See footnote, p. 94. 
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Preservation of Boilers not in Use. — If the boilers of a 
ship in commission are likely to be out of use for several 
consecutive days, the practice is to pump them full up with 
fresh feed-water. In order to make sure that the boiler is quite 
full a small pressure of 5 to 10 lbs. per square inch is maintained 
by a feed pump, which is started, when necessary, for this 
purpose. To provide a larger reserve of fresh water, a ship will 
start from a port — where good water is obtainable — with such 
boilers as are not in use filled to W.W. (see p. 175), and a small 
pressure should be maintained in them. 

When boilers are to be out of use for some time, the methods 
(see Steam Manual^ Art. 281) for their preservation were 
formerly as follows : — 

The boiler may be emptied and thoroughly dried out by the 
use of airing stoves. All doors are then replaced except a lower 
manhole door, through which perforated trays, or small bogies, 
containing burning charcoal, are inserted. The boiler is then 
hermetically closed, and all the oxygen contained in it is con- 
sumed by the charcoal. 

The boiler may be completely filled with fresh water and soda, 
the proportion should be 1 lb. of soda crystals, or \ lb. of soda 
ash to 100 lbs. of water. A boiler so treated must be thoroughly 
washed out before use, otherwise priming will result. 

When a ship is passed into the Reserve, the boilers are 
emptied and all the doors are taken off; the boiler is thoroughly 
dried out, and is kept dry by means of fires, which are made in 
bogies placed in the furnaces. After the boilers have been 
thoroughly cleaned, trays containing 2 or 3 cwts. of quicklime 
are placed inside the shell; bogies containing coke are then lit in 
the furnaces, and a lighted coke bogey is placed in the boiler, to 
produce a thoroughly dry atmosphere ; and then the boiler doors 
are replaced and the boiler is hermetically closed. 

The above methods were superseded by the following method, 
which forms part of a circular letter issued by the Admiralty on 
nth December, 1903 :— 

" My Lords Commissioners of the Admiralty having had before them the 
results of experiments respecting the corrosion and pitting of boiler tubes, 
and, as experience has shown that in all cases the best method of preserva- 
tion is to keep boilers, when not in use, quite full of fresh water, have 
decided that this course is to be followed in future, whether the ships be 
in Commission or in Reserve. The absolute necessity of this course cannot 
be too fully recognised by Officers Commanding and Engineer Officers. 

*' With a view of removing any scale or dirt that may be accumulating 
or forming in the interiors of the tubes of boilers of the water-tube type, J 

the boilers in all ships so fitted, whether in Commission or Reserve, are to 
be steamed at a high rate of evaporation for not less than four hours at 
least every four months, after which they are to be thoroughly cleaned, 
dofled up, and fiUed with fresh water as before." 
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Cleaning. — For the ordinary work of cleaning the tubes and 
firegrates of a boiler after steaming, see the remarks in the 
chapter on '^ Shutting off Steam." 

The interior of a boiler, fed solely with fresh water, should be 
examined and cleaned at intervals of not more than thirty 
steaming days. The water from the boiler, if fresh and clean, 
is ran down to the reserve tanks through a portable canvas hose 
attached to the running-down valve on the boiler. It should be 
remarked that if the water is strongly alkaline, owing to a large 
quantity of soda in solution, leather hoses, if used, will be quickly 
dissolved. The latest practice in the Koyal Navy has been to 
dispense with the bottom blow-out valve and levelling pipes, 
and to substitute a running-down valve with an attachment for 
a hose. The risk of salting a boiler through carelessness is thus 
diminished and the bottom blow-out valve is not now required 
for brining. The boiler is not run down until twenty-four 
hours after fires are out, in order to allow it to cool gradually. 
When the boiler is empty all the manhole doors are taken off, 
and the boiler is thoroughly aired before anyone is allowed to 
enter. Accumulations of hydrogen have caused explosions when 
this precaution had been neglected. The stop valves must be 
closed and securely lashed, or the wheels removed from the 
spindles, and the feed valves secured to prevent any accidental 
communication with the steam pipes or feed pumps. The bottom 
of the boiler must be thoroughly dried up, and kept so while 
open to the atmosphere. 

The top manhole door should be taken off before the boiler is 
run down, and the various other doors as soon as the water-level 
is below them. It is important to do this, in order that the 
boiler may be aired, and the men at work scraping off the 
deposit before it has time to dry, since when dry the deposit is 
more difficult to remove. 

The boiler will generally require most attention on the under 
side of the furnaces, and around the water line, where a soft 
oily deposit is to be found, which may extend to the tops of the 
furnaces. The confined spaces are cleaned and scraped by means 
of long scrapers; small men must be selected for the spaces 
accessible through the manholes on the front plate. If a ring 
of scale has been formed around the tube ends where they enter 
the tube plates, it may be necessary to draw a certain number 
of tubes to provide access to the remainder. The ends of the 
tubes which are drawn should be annealed before replacement 
(see Steam Manual, Art. 217). The zincs must be thoroughly 
examined and the thin plates renewed, for which purpose the 
hangers should be withdrawn in order that a bright metallic 
contact may be ensured. The metallic contact must be renewed 
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Ibt least once in six months. Those zincs which are hot with* 
drawn are examined to make sure that they are firmly secured. 
The zincs in the steam space are less effective and have a longer 
life than those actually immersed. The stays must be callipered, 
and the surfaces of the shells around the water line, crowns of 
furnaces, and combustion chambers must be closely examined 
to detect possible corrosion. The internal steam pipe and gauge 
glass connections are examined and cleared. The internal steam 
pipes are sometimes found collapsed, and must then be renewed. 
The glands of the feed valves and the joints of the covers must 
be re-packed, or re-made, as necessary, and the hydrometer cocks 
should be refitted. Valves which are rarely used^ — ^and others 
from some peculiarity of their position — are liable to collect 
deposits of dirt, and should receive special attention. 

After the interior has been thoroughly cleaned, and well 
washed out by a jet of water supplied under pressure, the zincs 
and other fittings are replaced, and the surface of the shell plates 
at the water line is coated with a wash of cement, over a width 
of about 18 ins. 

The boiler should then be examined by an officer, and, if found 
satisfactory, the lower manhole doors should be replaced. After 
the boiler has been pumped up, the surface of the water. can be 
cleaned and the top manhole door replaced. 

All manhole doors are made by asbestos rings, which should 
be of accurate shape and thickness, otherwise a leaky joint will 
result and will involve the inconvenience of emptying the boiler 
to rectify it. 

The time required to clean out a boiler, which has been sup- 
plied with fresh water only, is from two to three days ; if the 
zinc plates require much attention, this time will be exceeded. 
Article 227 of the Steam Manual directs that if the periodical 
cleaning is not carried out, the reason is to be inserted in the 
engine-room register. 

Salt Water Make Up. — If the lost feed- water is made up from 
the sea, the boiler water will acquire a certain density, and scale 
will be deposited. The amount of hard scale depends mainly on 
the amount of salt water supplied — that is, on the density at 
which the boilers are worked — being less the higher the density. 
It is found that boilers, supplied with salt water make up, require 
to be opened up and cleaned after about 25 days' continuous 
work. The work of cleaning is laborious, as there will be a 
quantity of scale on the tubes and other internal surfaces which 
must be removed by concussion and scraping. All scale should 
be removed from the heating surfaces. 

Pitting. — On all occasions of the above monthly examinations 
the surface of the plates should be thoroughly examined to detect 
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any signs of corrosion. If pitting is discovered, the plates should 
be thoroughly scraped until the metal is reached, and if the sur- 
face affected is not part of the heating surface it should be 
washed over with thin Portland cement. Additional zinc slabs 
fitted near the parts affected will probably be of advantage; in 
arranging them they should be placed so that, if they break up, 
the d(hr%8 will not fall and remain on a heating surface. 

The following article on pitting is quoted from Engineering : — 
" In an article recently published, M. Olroy, a French engineer, 
gives the result of his investigation into the pitting of boilers. 
Pitting is particularly likely to occur if a water very free from 
lime is used in a clean boiler. The pits take the form of conical, 
or more frequently spherical depressions, which are filled with a 
yellowish-brown deposit consisting mainly of iron oxide. The 
volume of the powder is greater than that of the metal oxidised, 
so that a blister is formed above the pit, which has a skin as thin 
as an egg shell. This skin contains usually both iron oxide and 
lime salts, and differs greatly in toughness. In many cases it is 
so friable that it breaks with the. least shock, falling to powder, 
whilst in other cases the blister detaches itself from the plate as 
a whole. An analysis of the powder in the pits showed it to 
consist of 86*26 per cent, of peroxide of iron, 6*29 per cent, of 
grease and other organic matter, and 4*25 per cent, of lime salts, 
the remainder being water, silica, aluminium, <bc. The skin over 
the pits was found to contain 38 parts of calcium carbonate, 12*8 
parts of calcium sulphate, and 32*2 parts of iron oxide, with 
about 8 per cent, each of magnesium carbonate and insoluble 
matter. Feed heaters often suffer badly from pitting, particu- 
larly near the cold water inlet, and in boilers the parts most 
likely to be attacked are those where the circulation is bad, 
especially if such portions are also near the feed inlet. In loco- 
motives, the bottom of the barrel is most frequently attacked, 
and the largest ring. The steam spaces are generally free from 
pitting, unless the boiler is frequently kept standing with water 
in it. As the water evaporates, pitting is then likely to occur 
along the region of the water line, a part which, in a working 
boiler, is generally free from attack. This is especially the case 
if longitudinal joints of the boiler are liable to be exposed by the 
evaporation of the water, and to form a ledge on which moisture 
can rest. When a boiler forms one of a battery, and is kept 
standing for a long interval, the top of the boiler is liable to 
pitting. Steam finds its way into it, and condenses on the roof, 
causing bad pitting there. Perfectly pure water containing no 
air does no harm, and steam alone will not cause pitting, unless 
it gets a supply of air. The Loch Katrine water of Glasgow, 
which causes pitting on clean boilers, contains much gas. MM. 
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Scheurer-Kestner and Meuniev-Dolfus inclosed a polished iron bar 
in a natural water containing much oxygen, and no lime salts. 
The bar gradually rusted, but the corrosion ceased when the 
oxygen was used up. The bar was then removed, re-polished, 
and put back, after which it remained perfectly bright. Repeat- 
ing the experiment with water containing lime, the rusting was 
much less complete, the lime salts forming a protective layer on 
the iron, but on polishing this off corrosion recommenced. In 
distilled water the bar remained quite bright. The corrosion is 
much more rapid if the water contains carbonic acid gas as well 
as oxygen. In this case a voltaic action takes place. The rust 
first formed is electro-positive to the iron, which then dissolves 
away, decomposing the water. It is for this reason that, in cases 
of pitting, it is essential that all traces of the iron peroxide 
should be cleaned from the metal, or the rusting will continue." 
The following extracts are taken from a paper read by Mr. 
Couper before the Institution of Shipbuilders and Engineers of 
Scotland in 1896, and the subsequent discussion on *' Internal 
Corrosion in Steam Boilers": — 

Corrosion is caused mainly by (1) air and carbonic acid cas dissolved in 
the feed- water, the action of which is very manifest when the feed- water is 
introduced at a part of the boiler where the circulation is bad (see p. 170). 
(2) By fatty acias formed by the action of an alkali on tallow or vegetable 
oils. To minimise the first action, the orifices of the feed pipes should be 
near the water level, so that the air, when expelled by heat, may at once 
pass away freely with the steam. Rough corroded surfaces are most 
favourable to the liberation of cases in solution (as may be seen when a 
soda-water bottle is opened), and local corrosion, once initiated, is acceler- 
ated by that property. 

Mr. Stromeyer pointed out that the air was not necessarily expelled 
from feed-water heated under pressure in feed heaters, whilst at the same 
temperature it would be liberated from a free surface ; and, further, that 

Serfectly clear water holds more air in solution than water which contains 
oating particles of mud. Mr. Stromeyer further stated that corrosion in 
the steam space of a boiler could be reduced by coating the cleaned surface 
with zinc white paint, and by adding some form of zinc salt to the boiler 
water. 

Mr. James Weir said that the ordinary scale formed by the union of iron 
and oxygen forms a perfect protection to plates, but the carbonic acid gas 
in solution with the feed- water removes this scale and forms ferrous car- 
bonate (FesCOj). The plate is thus left exposed to the action of oxygen, 
and more oxide is formed and is in its turn removed. 

Slow-movins feed pumps appear to draw less air with the feed-water 
than fast-movmff pumps. Excessive capacity in the feed pumps leads to a 
larger supply of air to the boilers. Probably not the least benefit of 
automatic feed pumps is the decreased supply of air experienced. If 
duplicate pumps are ntted to a croup of boilers, each capable of supplying 
all the boilers, only one should be used for general steaming, unless auto- 
matic regulatins gear is fitted to both. 
As regards the action of fatty acids, Mr. Couper said :~ All boilers 
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should be thoroughly washed out and cleaned with soda ash (NagCO^) 
before steam is raised for the first time. After a preliminary steaming, 
scumming should be resortedx to, and then all the remaining water should 
be blown out, and the boilers should be opened up and cleaned out. The 
blow-off cock should be capable of. completely draining the boiler. When 
the boiler is refilled, soda should be added to the water. A red or black 
slime is often found in new boilers, being formed by the mill scale det-ached 
from the plates — ^red, if the plates left the mills at a low temperature ; 
black, if tne plates were annealed. This coloured slime should not be 
taken as evidence of corrosion, and should not reappear after being 
properly cleared out. 

Tests. — In addition to the monthly examination of the boilers, 
the following tests are ordered to be made in H.M. service : — 

The drill test (see Art. 304, Steam Mantud) is to take place 
at intervals of not less than eighteen months, or more than 
two years, whilst the ship is in commission, one boiler in 
four being tested. In H.M. service the procedure is as fol- 
lows : — The chief engineer of the ship reports on form S. 356 
that the drill test is due, and quotes the date of the last drill 
test. The commander-in-chief then orders a senior chief engineer 
to communicate with the commanding officer and the chief 
engineer in charge, with the view of arranging for the necessary 
test and examination. The parts of the boiler to be drilled are 
given later ; the following report is made : — A description of the 
appearance, thickness, and nature of the deposits on various 
surfaces is to be given ; the condition and estimated durability 
of the zinc slabs is to be reported. Should there be any defects, 
or symptoms of corrosion, the report is to state what they are 
and what remedies have been applied. The original and present 
sizes of stays and the apparent wear is to be given. 

The drill test is carried out by drilling holes through the 
plates at the places given later. After the holes are drilled the 
burrs must be carefully removed from both sides of the plate and 
the thickness of the various plates measured and compared with 
the original thickness. These holes are afterwards tapped, and 
screwed plugs are inserted, which are securely rivetted over so 
that no leakage shall occur. 

If unexpected wear be discovered on drilling, the plate should, 
if accessible, be examined on both sides in the vicinity of the 
thin part, and other holes should be drilled in suitable positions 
in order to ascertain if the wear is local or genercd. The 
formulse in general use (Admiralty, Board of Trade, or Lloyd's) 
can be advantageously applied to the results of the drill test to 
aid in deciding whether the working pressure must be reduced 
and to what extent, and also to decide what repairs are neces- 
sary. 
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In ** tank'' boilers* the parts of the boiler to be drilled are: — 
( Steam space — Top, sides, back, and front. 

Shell, < At water level — Sides, back, front. 

( Below water level — Sides, bottom, back, front. 

Tube plates — Back and front. 

Furnaces — Grown, sides, bottom, back. 

Combustion chambers — Top, back, sides, bottom, saddle plate. 

Uptake — Back, front, sides, top. 

Smokebox — Bottom, sides. 

The report includes particulars of the original thickness, the 
minimum thickness at the last drill test, the thicknesses found 
at the present test and the amount of the apparent wear from 
the original thickness, at each of the places detailed. The con- 
dition and wear of the tubes should be specially noted. 

A sketch is to accompany the report showing the positions of 
the holes drilled at each test. 

The water-pressure test (see Art. 292, S.M.) is to be made 
after two years' service, and then at intervals of six months. 
It is intended to supplement and not to supersede the drill test. 
The following particulars of the test are the most important of 
those to be reported : — The greatest pressure applied ; the load 
on the safety valves when first fitted, and at the date of the 
test. The date of construction and makers of the boilers ; the 
date of the last repair, and for what duration of service. The 
effect of the test on the plates of furnaces, combustion chambers, 
shells, and on the tube plates and stays of combustion chambers, 
furnaces, and shells. The estimated durability with such repairs 
as can be made on the station. 

The proper form for the report is S. 355. 

The points to be observed to carry out the water test of 
" tank " boilers are as follows : — 

1. The pressure to which the boiler is subjected when new is 
90 lbs. above the working pressure; unless the latter is less than 
90 lbs. per sq. in., in which case the test pressure is double the 
working pressure. 

2. To get the boiler ready, withdraw the springs from the 
safety valves, substitute long sleeve washers, and screw down 
the safety valves. Shut all the stop valves tightly, so that they 
shall not leak under the pressure. Shut off the feed valve not 
in use for the test. Shut off all gauge glasses, so that they shall 
not be damaged. Shut off any pressure gauge which will not 
indicate up to the test pressure. Pump the boiler up, and when 
water is discharged through the air cock shut it off. 

*For tests of water-tube boilers see the chapter under the heading 
Machinery of T.B. Destroyers. 
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The extension-compression gauges supplied must be fitted in 
the furnaces and combustion chamber to register the change of 
shape under the pressure ; one should be placed horizontally, 
and one vertically, in each furnace and combustion chamber, to 
register the change of diameter, or the bulging of the side and 
top plates respectively. Extension-compression gauges may also 
be required in other places determined by the arrangement of 
the stays. As an instance, the stays from the top of the com- 
bustion chamber may be attached to an angle bar secured to the 
circular shell. If the angle bars are not carried round to that 
part where the shell is at right angles to the top surface of the 
combustion chamber, then excessive deflections may be regis- 
tered. To determine if the shell moves down with the top of 
combustion chamber, place gauges from under the deck to the 
top of the boiler. These gauges are carefully set at zero just 
before the pressure is applied. Open all the smokebox doors so 
that the ends of the tubes can be clearly seen, and provide 
plenty of lamps for illumination. 

The pressure can often be applied by the ordinary feed pumps, 
if they are in good order and steam is available to drive them. 
The feed valves on the boilers (not under test), which are 
supplied by the pumps in use, must be shut tightly. Special 
liners and smaller plungers for the feed pumps are sometimes 
available and, if shipped, enable the test pressure to be more 
easily obtained. If the feed pumps are not available, a large 
hand pump is used, delivering through a flange, fixed on a feed 
pipe in such a manner that a group of boilers can be tested, 
successively, by means of the same connection. 

The pressure gauge, recording the pressure attained, should 
be fixed on the boiler and not on the test pump. 

When pumping up it will generally be necessary to tighten 
up some stop valve or feed valve before leakage is stopped and 
the test pressure obtained. When the boiler is under pressure, 
note the position of all extension gauges continuously ; if the 
deflections become abnormal, the pressure should be released to 
ascertain if there is any permanent set. Increases of pressure 
should then be gradually applied and removed frequently, to 
ascertain that the safe limit is not passed. When the pressure 
is released the extension gauges should all return to zero, show- 
ing that no permanent set resulted. The pressure is released by 
opening the running-down valve ; a very small quantity of water 
will be discharged, since the water itself is almost incompressible; 
and note here that if continuous pumping is required after the 
boiler is full the water must be leaking away ; if there is no 
visible leak it is probable that a quantity will be found in the 
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steam pipes connected to the boiler under test^ and they must^ 
therefore, be subsequently drained. 

The safety valves must be ground in or refitted from time 
to time, as indicated by the leakage from the waste steam pipe. 
Before concluding that the safety valves are leaking, ascertain 
if there are any other connections between the waste steam pipe 
and other pipes containing steam. In many ships apparent 
leakage from the safety valves has been traced, through the drain 
pipes from the safety valve boxes, to the main run of steam drain 
pipe, owing to leaky valves in the drain pipes. 

The waste steam pipe from the safety valves is generally led 
up close alongside the funnel, and nearly to the same level as the 
funnel covers ; in consequence, a deposit of gritty blacks will 
generally be found above the valves, and this deposit will 
frequently choke the drain pipe from the safety valve box. Any 
water in these boxes will then be evaporated by the heat of the 
boiler, and produce the appearance of leaky valves. The grits, 
if ground into the seatings, will make the valves leak. The 
safety valve boxes in the above case will require frequent 
clearing. A mushroom cover of thin plate may be placed over 
the top of the waste steam pipe to keep these blacks out. 

The following notation is used in the Boyal Navy to denote 
the condition of boilers : — 

W, Water at working height. 
W W, Boiler filled completely with water. 

8, Boiler in use for main engines making good distance logged. 
B, Fires banked, or in use for main engines, not making good 

distance lo^ed. 
A, Fire, alight ; hc^r in use for auxiliary purposes. 
£ O, Boiler empty and open ; manhole doors off. 
EC, Boilers empty and closed. 

BOILEB BEPAIBS.^ 

(The following notos refer to " tank " boilers only. ) 

It is of the utmost importance to make frequent, careful, and 
thorough examinations of the surfaces of all boilers, including 
the exterior shell surfaces, the heating surfaces, and all parts of 
the interior; these periodical examinations will lead to the 
detection of symptoms of decay and of wear; and i^ in such 
cases, the usual rules for the proper working and for the preser- 
vation of boilers be carefully followed, decay may in many 
instances be arrested, and considerable expense in repairs 
avoided. If these precautions are not taken, defects will pro- 

*This article was kindly contributed by Engineer Commander G. G. 
Goodwin, R.N. 
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bably develop. Defects may also arise through fair wear, and 
the object of the present chapter is to indicate the nature of 
some of the defects, and the measures that may be taken to deal 
with them. 

The exterior surfaces of the shell plates should be kept as dry 
as possible and, where accessible, well painted. The under parts 
are especially liable to rusting from the wash of the bilge water; 
the lower fronts are also liable to wear on a.ccount of water 
running from the ashpits, where water service is used, and these 
plates especially should be frequently examined, scraped clean, and 
painted. In small steamboat boilers the wear of the bottom can 
often be checked by bedding the boiler in a tray of red lead putty. 
Leakage at Joints of Mountiiigs, — The upper parts are 
generally covered with lagging, and where this can be kept dry 
very little deterioration of the shell plates occurs ; but, in parts, 
the lagging may become and remain damp, owing to leakage from 
the joints of mountings, overhead steam pipe joints, gauge glasses, 

&a, and if not promptly at- 
tended to the plates under- 
neath will quickly and deeply 
rust. In such cases, the 
lagging should be removed 
from the parts affected, all 
rust carefully scraped o£^ the 
surfaces well painted, and 
new dry lagging fitted; the 
leakage causing the wear 
should be stopped as soon 
as possible, and should be 
diverted from the plates in 
the meantime. If the rust- 
ing is deep, the plate should 
be drilled to ascertain its 
reduced thickness, and, if 
necessary, a covering plate 
or other means fitted to in- 
crease its strength. 

Leakage at Seams, — In 
some boilers, especially in 
long ones, and more particu- 
larly where feed- water heaters 
are not used, leakage ofben 
occurs at the circumferential 
seams at the bottom ; if not of great amount, this leakage may be 
stopped — temporarily, at least — by light caulking, but the caulk- 





Fig. 43. —Patch over Leaky Rivets. 
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ing should not be carried too &r before other measures are taken. 
Leakage at these and similar joints must not be allowed to con- 
tinue long, or the constant passage of steam or water at high pres- 
sure and velocity over the jointed surfaces will "fret" away the 
plates at these surfaces, the result being increased leakage, thin- 
ning of the plate, and, probably, extensive repairs. In order to 
stop the leakage and consequent " fretting " action, troublesome 
joints of this kind are often fitted with patches covering both 
plates of the joint. These patches are well bedded on to the plates, 
recesses being formed in them to take the rivet heads ; they are 
jointed on to the plates with red-lead putty, and secured by 
screwed rivets. The patches may require occasional re-jointing, 
and the method of securing them ren<)ers this an easy matter. 
Such a patch is shown in Fig. 43. 

Heating Surfaces. — The plates, <&c., forming the heating 
surfaces are those in which defects are most likely to develop, 
the most common being — leakage at joints and stays, bulgings, 
cracks, and thinned plates. 

Leakage may occur at any of the joints, but is most common 
at three-plate junctions, and at the seams in the furnace throat. 
The former can generally be remedied by careful caulking, and 
it may here be stated that in the more recent boilers the num- 
ber of such junctions has been reduced. 

It is more difficult to stop any leakage through the seam at 
the top of the furnace throat. Such leakage is caused by the 
resistance offered by the rigidity of the tube plate to the expan- 
sion and contraction taking place over the length of the furnace, 
which resistance produces a strained joint. If the joint is made 
on the cylindrical part of the furnace, it is, perhaps, better 
situated for sustaining the strain, but the plan is open to the 
serious objection that the joint is in the fire — that is, it is in the 
direct line of passage of the heated gases. If the joint is made 
by flanging the furnace plate so that it joins the tube plate in 
the combustion chamber, it is removed from the fiercest action of 
the heat, but the tendency of the expansion of the furnace is to 
open the joint. In either case the double thickness of the tube 
plate and furnace plate at the joint is prejudicial, and the plates 
are liable to overheating. On the whole, it is considered better 
to make the joint in the combustion chamber, and this is the 
method generally adopted in the return tube boilers in the 
Navy. The plan has a disadvantage, should the necessity arise 
for renewing the furnace, as, in order to withdraw the old one, 
so many plates require to be disconnected. The following 
devices have been resorted to in constructing boilers to reduce 
the possibility of leakage at the throat seams : — 

12 
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The heating plates are those most liable to cracks, on account 
of the severe expansion strains to which they are exposed owing 
to the unequal action of the heat on the various parts; cracks 
are most frequently found in the parts which have had consider- 
able work done on them during manufacture before being built 
into the boiler; in many cases they start from a stay or rivet 
hole (see Fig.' 44). 

A short crack in the body of a plate may be dealt with by 
studding, as shown in Fig. 45; the method adopted is to drill 
holes all along the crack and fill them with small rivets, knocked 
down so that the rivet heads overlap. 

For longer cracks the defective part should be cut out and 
a patch fitted. If a crack extends from a rivet hole through 
the lap of the plate, the cracked plate should be cut away for 
a distance of several rivet holes from the crack and a new 
piece inserted (see Fig. 46). If the crack is under the fire bars, 
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Fig. 46. — New Piece in Side of Furnace. 

or at the joint of the furnace with the front plate, or in any 

part not subject to the action of the fire, the original plates 

need not be disturbed, but a covering patch fitted, as the 

increased thickness is not important 

in these positions (Fig. 47). Cracks 

in tube plates are sometimes met with, 

extending from one hole to another, 

or through several holes. These should 

be fitted with covering patches cut 

out to allow the tubes to pass through. 

The patch should be of sufficient area 

to take hold of enough of the sound 

tube plate to ensure that it is well 

held together across the crack, and 

it should be well secured by screwed bolts to the tube plate 

between the tube holes (see Fig. 48). A double patch may be 

fitted where considered desirable, one thickness inside and one 

outside the tube plate, keeping in mind the possibility of the 

increased thickness being objectionable (see Fig. 49). It may 

be desirable to add stays to the defective part. To avoid 




Fig. 47.— Patch over Leaky 
Ring Joint. 
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opening the crack when rolling in the tabes, the tube holed 
in the tube plate proper may be opened to clear the tube 
and the latter rolled into the patch, which must be firmly 
secured. 



ooo 





GOOD 



Fig. 48. 
Patch in Cracked Tube Plate. 




Fig. 49. 
Double Patch over Cracked Tube Plate. 



Iiamihations. — In iron plates, laminations are sometimes 
found. When discovered, they should be examined by sounding 
the plate with a hammer, and by chipping or drilling to ascertain 
their extent. The laminated portions should, if possible, be 
removed, as unobserved decay may proceed between the surfaces; 
when small in extent they may be removed by chipping ; when 
more extensive it may be necessary to additionally stay the plate 
after the lamination is chipped away, or, if very deep as well as 
extensive, the plate should be cut away and patched. 

Thinning of plates may occur over a considerable area by 
general wear, or locally by pitting, or around stays, especially at 
screwed stays. 

Plates thinned by general wear are usually fitted with ad- 
ditional stays. There is generally very little choice in the 
position for these stays, but it should be borne in mind that the 
original stays are placed in straight lines to facilitate cleaning 
the boilers, and the additional ones should be disposed, as far as 
circumstances will permit, with the same object in view. General 
wear of the kind indicated will be detected by the condition of 
the surfaces on both sides of the plate, by bulging, or by the drill 
test. Small isolated local pittings can (if they become very deep) 
be drilled out, the holes being stopped by screwed rivets. If 
the pittings extend over much surface, the plates must be ad- 
ditionally stayed. Continued thinning of a plate from any 
cause must, in most cases, eventually result in the plate being 
cut out and a patch or new plate inserted ; but if the thinned 
part is not acted on by the fire, a covering plate may be fitted ; 
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this must be of ample area and be thoroughly secured so as to 
efi&ciently act as a doubling plate. 

The furnace or combustion chamber plates are often found 
thinned at the stay holes. This thinning is generally confined 
to a very small ring around the stay, and is often first brought 
to notice by leakage at the stay. To remedy this defect the stay 
should be removed; the hole tapped out so as to get the thread 
in a thicker part of the plate, and a larger 
stay fitted. The plate should be drill tested 
a small distance away from the plate to 
ascertain whether the thinning is confined 
to the vicinity of the hole. The process of 
fitting larger stays cannot be repeated more 
than once or twice, because the stays would 
become inconveniently large. In such cases, 
what is termed a "nut patch" may be 
fitted; a small circular covering patch is fT^^ 

rivetted to the plate, the stay being screwed Patdi Nut. 

into this and rivetted over on the out- 
side. Sometimes a boss is forged in the patch, the stay being 
then screwed through the boss and then rivetted over (see 
Fig. 50) *, in the event of leakage recurring at the stay it is then 
not necessary to unduly enlarge the hole, as the patch can be 
removed and a new one fitted. 

Patches. — No general rules can be laid down as to the type 
of patch to be fitted when one becomes necessary, so much 
depending on circumstances; but it will be evident, from the 
foregoing remarks, that care must be taken in patching the 
heating plates — (1) To avoid as much as possible a large increase 
of thickness of plates over any considerable area; (2) to so 
place the patch seams that they shall be affected by the fire as 
little as circumstances will admit, and to protect them where 
practicable by tiles or in other ways. In arranging patches it 
should be seen, in cases where three plates meet to form crossed- 
lapped joints, that the necessary thinning away, to enable the 
suifaces to come closely together, can be properly carried out ; 
and, in all cases of rivetting, that the rivets can be efficiently 
'* held up " during the process. 

Stays. — ^A margin for wear is allowed in new stays ; should 
the wear become great the stays must either be renewed or the 
number increased. 

In some cases the renewal of stays, when the boilers are in 
place, requires special consideration. For example, the trans- 
verse shell stays of oval boilers cannot be drawn if several 
boilers are placed side by side. To renew these, each stay must 
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Fig. 51. —Patch 
over Leaky Stay. 



be cut in two and taken out, and the new stay fitted in two 
parts and jointed, care being taken that the joint is not slack 
after the nuts are adjusted on the stayed plates. 

Screwed stays to combustion chamber sides sometimes break 
in the water-ways (generally close to the plates), and unless they 

are specuJly constructed (eg., hollow stays) 
the fracture may escape notice. These stays 
should, therefore, be sounded by tapping the 
accessible ends with a hammer ; broken stays 
may often thus be detected. When these 
stays require renewal, the holes are re-tapped 
and slightly larger stays fitted. To provide 
for such renewals, ships of the Royal Navy 
always carry several spare stays yw ^ larger 
in diameter than those originally fitted, and 
taps to tap out the holes to suit. 

Whenever portable stays are removed for 
purposes of examination, or cleaning, or for 
repair, they should be carefully examined by 
an engineer officer after replacement to ensure that the pin joints 
are properly connected. 

A patch fitted over a leaky stay is shown in Fig. 51. 
Tubes. — In modern " service " boilers stay tubes are screwed 
through both tube plates, the threads on the two ends of the 
tube, and in the two tube holes, being continuous. The ends of 
the tubes are pressed up, for screwing, so that the section at the 
bottom of the thread is not less than at the plain part of the 
tube. Plain tubes are jointed at the tube plates by means of 
expansion rollers. The joint at the smokebox tube plate gives 
very little trouble as a rule, but until a few years ago consider- 
able leakage was often experienced at the firebox tube plate, 
especially when the boilers were being forced. When a tube 
leaks it must be re-rolled to tighten the joint. The rolling is 
performed by a roller expander, a sketch of which is shown in 
Fig. 52. It consists of a box containing three roUerF, held so 
as to prevent movement in the direction of their axes, but 
permitting a certain amount of radial adjustment. A taper 
mandril passes through the box so as to press on the inside of 
the rollers. The box is inserted in the tube when in place, and 
the mandril is tapped in so as to force out the rollers against the 
tube. On turning the mandril the rollers are revolved, pressing 
hard at the same time against the inside of the tube, and so 

fradually tightening the tube into the tube hole in the plate, 
n the earlier mandrils the rollers were cylindrical, but when 
resting on the taper mandril, the surface circumscribing them 
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was not cylindrical but conical, so that they tended to tighten 
the tube in the plate unequally along the length of the hole, the 
tube being hardest rolled at the outside of the plate. The 
expanders now in general use in the Koyal Navy have their 
rollers tapered in an opposite direction to that of the mandril, 
the taper of the rollers being half that of the mandril, the object 
being that the expander shall roll cylindrically and tighten the 
tube uniformly in the plate, in the latest expanders the axes 
of the rollers are not parallel to that of the mandril (and tube), 
but set obliquely, to avoid the necessity of repeatedly tapping 
in the mandril. Such expanders are styled '* self-feeding " 
expanders. 

To assist in obtaining perfect joints, the tube ends where they 
fit the firebox tube plate holes are, when new, turned or ground 
to make a good fit in the holes before rolling. 



Old Type. 





Ca p ferr u le for Bo U y Tu bes. 




Fig. 52.— New Tube Expander. Fig. 63. —Cap Ferrule for Boiler Tubes. 



Hepeated rolling results in thinning of the tube ends, and it 
was formerly customary, when this had gone far enough, to 
drive slightly tapered malleable cast-iron ferrules into the tubes 
in order to protect and strengthen the ends. This is now 
only done in navy boilers with very small tubes, such as 
small steam-boat boilers, or in those carrying low steam 
pressures. 

A few years ago the Admiralty, after trial, fitted the firebox 
ends of tubes of all Kavy boilers carrying steam pressures of 
90 lbs. per sq. in. and upwards with a special type of malleable 
cast-iron ferrule, now known as the Admiralty pattern cap 
ferrula A sketch of this ferrule is shown in Fig. 53. It was 
fitted to stop leaky tubes by preventing the overheating of the 
tubes and tube plates at their joints. The cap protects the tube 
end from the direct impact of the heat, the face of the ferrule 
receiving the heat that would otherwise have affected the tube 
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end. This heat is conducted along the ferrule into the tube at 
a certain distance from the plate, the ferrule being kept clear of 
the tube until the plate is well passed. The space thus formed 
between the ferrule and the tube provides a non-conducting 
" air space." 

This fitting has been of inestimable value to naval tank 
boilers, and since its adoption leaky tubes have been very 
rare. Some ships, whose boilers were notorious, on account 
of the leakage of tubes occurring whenever they were 
forced, have proved reliable steamers since these ferrules were 
fitted. In most ships so fitted it is quite uncommon to have 
to roll a tube on account of leakage; and many ships go 
right through a commission without using their expanders at 
all. 

It has been objected to these ferrules that they impede the 
draught and require a larger air pressure for fall power ; but in 
the case of tubes of 2^ ins. diameter and over this objection is 
probably unimportant. With the smaller tubes in use iu loco- 
motive boilers, difficulty is sometimes experienced on account of 
the partial choking of the tubes. A few observations regarding 
this matter may be of interest. It is seen that the action of the 
ferrule is to receive heat on its face and sides, and to conduct it 
into the tube at a certain distance from the plate ; if this dis- 
tance is long the ferrule will get hot, and in this condition 
^scorisd'' will afl^er a time be deposited in the mouth of the 
ferrule. The longer the air space the hotter will the ferrule 
become, and the condition of the deposit will be such that it 
will tend to accumulate in a clinkery form, thus choking the 
tube. If the air space be shorter, the ferrule will keep cooler 
and therefore work clear, but there will be a greater risk of the 
tube joint heating and eventually leaking. The Admiralty 
made several experiments to determine the distance inside the 
tube plate at which contact between the ferrule and tube should 
commence, to avoid, on the one hand, hard, clinker-like accumu* 
lations, and on the other, possible leakage of the tube, with the 
result that the small tubes of locomotive boilers are fitted with 
ferrules having a somewhat shortened air space. Special clean- 
ing tools are supplied in these cases to deal with the deposit. 
Wlien first formed, the deposit is soft and can be removed by 
wire brashes ; if it is allowed to accumulate it becomes more 
consistent, but can, up to a certain point, be cut out by rimer- 
shaped tools ; both brushes and ** spears " are worked through 
the furnace door. The deposit should be removed as firequently 
as possible while it can still be done by the brush, as the 
tendency to accumulate and harden increases with the existing 
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amount. The extent to which the ferrules will heat depends 
largely on the efficiency of the contact at their junctions with 
the tubes ; it is sometimes of advantage to take out the ferrules 
and clean both them and the tubes at the surfaces of contact. 
To provide for slight adjustments of diameter of the ferrules to 
suit the tubes, ships so fitted are supplied with expanding 
mandrils and reducing blocks. In the case of boilers with 
lower pressures than 90 lbs. per sq. in., it is clear from the 
foregoing remarks that cap ferrules could be fitted with advan- 
tage to any tubes that give trouble by leakage. Ships whose 
boiler tubes are so fitted carry among their stores a complete 
spare set of ferrules. "When sweeping tubes with the ordinary 
hair brushes, the ferrules should be examined afterwards to see 
whether any have been pushed ofi* the plate. Any so found 
should be knocked back, as otherwise the tube ends will not be 
shielded, and the surfaces of contact of ferrule and tube may 
be too close to the plate. 
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Fig. 64. — ^Bolt Stave for Torpedo Boat Boilers. 



Tubes deteriorate by general wear, by pitting, and sometimes 
by splitting or cracking. Deterioration may, to a large extent, 
be arrested by the same means employed for other internal 
parts. Zinc slabs are placed for protection around the nests of 
tubes. In locomotive boilers, where a large number of tubes 
are placed close together, the zinc protection around the tubes is 
inadequate, and many torpedo boat boilers have been fitted with 
special zincs placed in the middle of the nests. The fitting is 
shown in Fig. 54. Tubes are removed here and there and 
replaced by bars resting on plugs screwed into the tube holes, 
these bars having rolled zinc wrapped round and secured to 
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them. As the zinc wears the bars are taken out and the zinc is 
renewed. When boilers are empty, the practice of keeping 
them well warmed tends especially to the preseryation of the 
tubes. 

Tube Stoppers. — If it is not convenient to renew worn stay 
tubes, the requisite strength can be provided by passing bars 
through the tubes and nutting them on to washers or stoppers 
outside both plates. 

If a tube should wear through by pitting, or from othor 
causes, and removal is inconvenient, it must be fitted with a 
steel stopper fitting closely over, or into, each tube end, the 
stopper being secured by nuts on the end of a screwed bar 
which passes through both. 

To remove a tube from a boiler, the firebox end is closed-in 
radially to enable it to be passed through the tube hole, a bar 
is put through the tube, and at the closed-in end a washer is 
secured on the bar, the washer being of such a size that it will 
shoulder on the tube, but pass through the hole in the tube 
plate. At the smokeboz end the bar passes through a bridge 
or girder, the ends of the girder resting on the tube plate. 
The front end of the bar is also screwed, and a nut fitting 
over it bears on the bridge; on turning the nut the tube 
will be drawn out, the operation being assisted by tapping 
the bar at the firebox end. To facilitate withdrawal (and 
insertion), the smokebox tube hole is made -^^ inch larger 
than the body of the tube, so that when the fitting parts are 
out of both tube plates, the tube passes easily through the 
iarger tube hole. 

Stay tubes do not often require to be drawn (as plain tubes 
do for cleaning purposes); they are difficult to remove un- 
damaged, and generally have to be cut out of the tube 
plates. 

Splitting of tubes is generally caused by hard rolling, or by 
driving in tight ferrules. To detect tubes that have been 
damaged in this way, it is customary, when a number of tubes 
have been rolled and fitted with ferrules, to test the boiler 
twice — once to full test pressure after the tubes are fitted, 
and again to the working pressure after the ferrules are in 
place. For a permanent repair a split tube must be removed 
and a new one fitted, but for temporary purposes a bar and 
stoppers may suffice. 
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List of Spabb Geab carbibd fob Tank Boilebs. 

Bearers for one furnace, 4 sets. 

Bolts and nuts sufficient to remake one-half the whole of the 
joints of top doors, and for the end door joints of one boiler. 

Furnace bars for each boiler, ^ set. 

Short screwed stays, ^ in. larger than required when new, for 

one boiler, J set. 

Stoppers and bars for tubes, one-twentieth the whole number of 
stay tubes fitted. 

Springs for safety valves, for one boiler, 1 set. 

Taps with two single-handed wrenches for screwing boiler stay- 
holes for short screwed stays tV ^' larger than required 
when new, 1 set. 

Taps, plug, with single-ended wrenches for boiler stay tubes for 

each end, 2 oa 

Tubes, stay, for boiler, one-fortieth the whole number of stay 
tubes fitted* 
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CHAPTER X. 
THE HULL AND ITS FITTINGS. 

Water-tight doors* are fitted in water-tight bulkheads whea 
it is necessary to provide a commuQication between the oom- 
partments. In small ships, where the distance from the lower 
compartments to the water line is not great, the only communi- 
cation is over the upper deck, and no water-tight doors are 
fitted. This arrangement is found in all destroyers and, to a 
great extent, in the torpedo gunboats. In large ships, however, 
water-tight doors are fitted, which enable the engineer to go 
round the department at the level of the engine-room platform. 
Most of these doors are open under ordinary working conditions 
in harbour, and are closed promptly on the word being given. 
When a warship is cleared for '' general quarters " all doors are 
shut and reported to the captain, who subsequently gives an 
order that necessary doors are to be opened, upon which the 
door between the engine-rooms and the doors between stoke- 
holds on the same side of the ship are opened. When the doors 
are closed the engineers communicate with the stokeholds and 
between the engine-rooms by means of the voice pipes. 

The water-tight doors at the level of the starting platform 
generally slide in vertical grooves ; they are worked by means 
of a vertical screw which gears with a fixed nut on the door, 
and are always arranged to close by a right-handed motion. 
This screw shaft can be worked at the door and is continued to 
the main deck, where it terminates under a deck plate. When 
the deck plate is removed the door can be worked by means of a 
spanuer hung in a rack adjoining. The door is attached, by a 
wire rope and pulley, to a counterbalance weight. It runs 
down very easily and can be opened more slowly by one man. 

Between decks, below the water line, the water-tight doors 
slide in horizontal grooves, the weight being carried on rolling 
wheels ; they are actuated by means of a pinion on a vertical 
shaft gearing with a rack on the door. These doors can be 

* Water-tight doors should be situated as high in tlie oompartment as 
possible (see papers by Lord Charles Beresford and Colonel SoUani, PrqCf 
qf hvat, N.A.t March, 1896). 
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closed both from the main deck and at the doors themselves. 
Sliding water-tight doors run in wedge-shaped guides in such a 
manner that when closed the two faced surfaces of door and 
frame are jammed into close contact. 

When the door slides in horizontal grooves, a hinged flap is 
fitted over the bottom groove to prevent any material finding 
access and accumulating there ; this flap is opened automatically 
by a plough secured on the foot of the door. In vertical doors 
there is generally no bottom groove, the bearing face is fitted a 
few inches above the deck so that there is clearance under the 
foot of the door when closed, and the foot of the door is held 
tight by the wedge-shaped side grooves. 

On the decks above th« water line the compartments com- 
municate through doors revolving on vertical hinges. The doors 
have an india-rubber strip around the edges, and the edge of the 
frame is strengthened by an augle iron, the edge of which is 
jammed into the india-rubber by means of clips on the frame 
which are turned on to wedges fitted on the door. These clips 
iihould have handles on each side of the door, so that it can 
be opened and closed from either side. 

In harbour, water-tight doors are worked, cleaned, and oiled 
once a week (see S.M,, Art. 498), the working party taking the 
doors between certain bulkheads on a fixed day. At sea, the 
doors in the department should be worked twice in the twenty- 
four hours, in certain fixed watches. It is necessary to inspect 
the door and see that it is properly closed when the deck indi- 
cator so registers. The party charged to maintain the water- 
tight doors in an efficient condition supply oil to the grooves 
and shafting and keep the doors so that they will close easily 
and completely; they also keep the indicator, to be described 
later, in a free working condition. 

The sliding doors require little attention for their upkeep, but 
the grooves and surfaces must be kept clean. The india-rubber 
on the clip doors requires renewal at intervals. The clips must 
be kept free; The most common trouble with the clips is caused 
by the paint applied to the surface of the door for the sake of 
appearance. If all the clips are not worked on the appointed 
day, it may be found that some of them are jammed by the paint 
applied from time to time, and a quarter of an hour may elapse 
before the paint can be worked out of the joint. 

No means of automatically closing all doors simultaneously 
has yet been approved or fitted for the Eoyal Navy. It is 
preferred that the men of the departments shall close the 
doors in their neighbourhood or on reaching the deck station 
f^bove, 
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turpentine followed by oil, and, if necessary, the packing should 
be renewed. 

Ventilation. — ^The ventilation of the compartments of a large 
ship, below the armour decks, is effected by air trunks. The air 
is supplied by means of a fan drawing from a cowl, and is di^ 
tributed through branch trunks. The hot air is withdrawn by 
means of exhaust trunks leading to the open air. Wherever 
these trunks pass through a water-tight bulkhead, an automatic 
valve is fitted, which will close the trunk should a compartment 
on either side of the bulkhead be flooded. The most common 
form of automatic valve is a flat plate attached to one arm of a 
hinged lever, which carries a large copper float at its other 
extremity, the whole being fitted in a casing on the air trunk. 
Should the casing be filled with water, the float swings up on the 
surface of the water and the flat plate fits on to its seating, thus 
closinjv the communication through the trunk. A chain is at- 
tached to the float, which can thus be occasionally tested by hand. 




Counter 
BaJanem. 



Fig. 56.— Beck's Ventilation Valve. 

Beck's Ventilation Valve.— A form of ventilation valve (Fig, 56), 
giving a much larger opening, is described as follows :— The 
valve is a large flat plate sliding vertically in wedge side grooves, 
and is attached to one end of a lever, with a counterbalance 
weight on the other side of the fulcrum. This valve being opened, 

13 



194 ENGINE-ROOM PRACTICB. 

the lever is locked by a catch. The catch is freed by the upward 
pressure of a copper vessel, which is floated when the pot in 
which it is placed is filled with water; the counterbalance 
weight then swings down, and the valve travels up and is 
lammed, by the grooves, on to the faced surface. The pot can 
be filled from the further side of the bulkhead, by a small hole 
which is afterwards closed by the motion of the lever. 

This mechanism is delicate, and all the parts must be kept 
scrupulously clean, otherwise the pressure of the float may not 
suffice to free the catch ; the float then sometimes jams in the 
small pot. 

Main Drain.* — The main drain of a ship is a large pipe 
running fore and aft along the bottom of the bilge, with suction 
tanks near each end of its length. It communicates with every 
compartment above the inner bottom — except the magazines — 
by means of small branch pipes and screw-down drain valves. 
Sluice valves are fitted on the drain pipe at its junction with 
the suction tanks. The main drain is generally in duplicate 
between the suction tanks. 

The suction tanks can be pumped out by the steam bilge 
and fire engines, and also by the hand pumps. The interior of 
the main drain becomes very foul and dirty ; it is flushed and 
pumped out every morning by means of a communication with 
the flooding system fitted at either end of its length. It is 
generally pumped out twice a day at stated times (see Harbour 
Eoutine), 

Once a week the suction tanks are entered through the man- 
holes and thoroughly cleaned out. The whole length of the 
mam drain is swept by means of brushes drawn through by 
chains. The utmost care is required to prevent the state of the 
main drain becoming oflensive. Whenever it is necessary to 
drain a compartment into the main drain, the screw-down valve 
should be closed immediately afterwards ; otherwise dirty water 
may subsequently be washed into this compartment. 

Flooding Valves. — In a warship a service of pipes is pro- 
vided for the purpose of flooding each magazine, should such a 
course be advisable for the safety of the ship. The spirit-room, 
and the tanks containing the torpedo pistols, are included in 
the compartments which can be flooded. A group of magazines 
are supplied from one main flooding valve, which is in communi- 
cation with the sea-suction valve of one of the hand pumps. 
Each separate magazine is flooded through a separate valve, 

* The main drain was originally fitted in the double bottom, but expe« 
rience has shown that it is exposed to a risk of damage in that position, 
should the ship take the ground. 
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fitted on a branch pipe of about 3 ins. diameter springing from 
the main flooding pipe supplying the group of compartments. 
All these flooding valves are locked and can only be opened by 
means of the proper key ; they are worked by means of a spindle 
terminating under a deck plate in the main deck. The deck 
plate carries the lock and, when unfastened, a spanner can be 
shipped on the spindle; the valve can also be worked at a 
station just above the magazine, by means of a hinged spanner, 
which is carried on a loose collar on the valve spindle, and which 
is locked to the bulkhead by the same key that is used for the 
deck plate. It is, therefore, impossible for the magazine to be 
flooded accidentally. When the ship goes into action the whole 
of these flooding keys are carried by an engineer officer who 
attends on the captain, and a trustworthy petty officer is ready 
with the spanners required to work any particular flooding valve 
when an order is received to flood a magazine. The master 
flooding valve would be, on such occasions, opened previously 
in readiness. 

Opportunities are taken to work all the branch flooding valves 
at short intervals to prevent the spindles from seizing. These 
opportunities generally occur after " general quarters " each 
week, when a responsible petty officer will be. present in the 
magazine and will make preparations to catch any water which 
may drain out of the pipes. 

Once a quarter all the flooding valves are tried with the main 
flooding valve on the system open; the chief engineer and 
gunnery lieutenant will generally be present. The water flow- 
ing through the pipe is caught in buckets, which must be in 
readiness. The branch flooding valves are opened wide and 
closed as smartly as possible, to prevent the passage of an incon- 
veniently large quantity of water through the pipes to the 
magazine. 

In order to provide a means of flooding thp magazines when 
the ship is in dry dock, special pipes of about 6 ins. diameter 
are led down from a deck-fltting into the various main flooding 
pipes, with which they communicate through screw-down valves. 
A hood is fitted to the deck attachment, provided with 
branches on to which the hose from the shore hydrant are 
screwed. 

The fire main consists of a large delivery pipe led right 
round the ship, below the armour deck ; from this pipe branches 
are taken up through the decks, and water is supplied, at various 
stations, through a screw-down valve to the nozzle attachment 
for the hose. Screw-down valves are fitted along the length of 
the fire main, so that a burst length can be cut out during its 
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repair, whilst pressure can still be maintained through the sound 
portion of the system. 

All the hand pumps are fitted so that they can deliver into 
the fire main, through screw-down valves, and the delivery of 
each of the fire and bilge engines can be connected, or not, 
as required. It should be noted that the fire main pipe and 
the stand pipes of the hand pnmps are independent, except 
for the short connecting branch. 

The pressure maintained in the fire main, for washing decks 
and flushing purposes, is commonly about 25 lbs. At fire 
quarters, about 40 lbs. pressure will give a good supply to six 
or seven hose, if the communications with the latrines are shut 
oflF. A small leak in a fire main can be temporarily stopped by 
a band of india-rubber, secured by a clip (Fig. 57) around the 

pipe. A number of these clips of difier- 
ent sizes are generally preserved by the 
storekeeper. They are made of y^inch 
steel plate, with flanges about § inch 
thick. When opportunity occurs, a patch 
is brazed over the hole. 

The following method is employed by 
the ofiicers of the P. and O. Oompany to 
remedy pin holes in the cast-iron pipes 
used for the hydraulic service, which are 
subjected to a pressure of 1200 lbs. per 

Fig. 57.— Clip for square inch :— 
Plugging Small Hole. A piece of " sheet tin," about 4 inches 

long, is rolled into a cylinder of a diameter 
about 1 inch greater than the pipe. The tin cylinder is placed 
around the pipe, covering the pin hole, and the open ends of the 
annular space are filled in with loam. A hole is left in the top 
of the cylinder, and through this hole molten zinc is poured to 
fill up the annular space. A zinc band is thus cast around the 
pipe, and shrinks on cooling, so that it is firmly secured. 

Hand Pumps. — In addition to the steam pumps a certain 
number of powerful pumps, worked by manual labour, are fitted 
in all classes of ships. These pumps are available whenever the 
ship is afloat, and are essential, since at times the fires are all 
out and the steam pumps cannot be used The hand pumps are 
fitted to draw, through the foot valve, from a suction box, which 
latter consists of a casting containing a group of screw-down suc- 
tion valves. These suction valves communicate, by means of pipes, 
with (1) the sea-suction Kingston valve and screw-down valve; 
(2) the main drain; and (3) various compartments of the D.B. 

A pipe, fitted with a screw-down valve at each end, connects 
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two suction boxes, and all the suction boxes are so connected 
that each pump can pump out any compartment of the D.B. 

The suction pipe from the valve on the suction box contains 
a non-return valve, and the pipe runs down to a group of com- 
partments of the D.B. Each separate compartment is pumped 
out through a branch suction pipe containing a screw-down 
valve, which acts as a non-return valve when half open, but, 
when fuUy open, a lower collar on the valve spindle keeps the 
valve oif its seat. If it is necessary to fiood any D.B. compart- 
ment to trim the ship, the sea-suction valve is opened out, the 
particular D.B. valve on the suction box is opened, the N.K 
valve in the D.B. suction pipe is withdrawn by taking off the 
cover, and the branch valve to the particular compartment is 
opened wide. The water then runs into the compartment from 
the sea. 

The hand pumps deliver directly overboard through a screw- 
down valve, and also to the various decks by means of a lead of 
" stand pipes." 

A non-return valve should be fitted at the base of a long 
suction pipe, to keep the pipe charged full of water. If this 
valve be fitted, the pump will not have to clear the suction pipe 
of air on starting. A charging pipe, containing a screw-down 
valve, by means of which the suction pipes from the hold may 
be filled from the sea, facilitates the proper action of the pump 
on starting; in the system described above, the sea-suction valve 
and pipe can be used for this purpose. 

Some few compartments in the hold do not communicate with 
the main drain, and can only be pumped out by the hand pumps. 
The following method is one of those employed : — A pipe, con- 
taining a screw-down valve, which is now opened out, is led from 
the delivery stand pipe to the intermediate pipe between two 
suction boxes ; and a hose is led from the nearest nozzle on the 
delivery stand pipe to the compartment to be pumped out; then, 
by closing the delivery valve from the pump to the stand pipe, 
and opening the overboard delivery valve, the compartment can 
be pumped out, the stand pipe being now used as a suction pipa 

The suction valves for the different compartments of the D.B, 
are always fitted low down on the pipes close to the inner 
bottom, but they are worked from a higher level by means of 
long spindles. 

The hand pumps are worked by a party of from four to about 
thirty men, according to the size of the pump. Portable cranks 
and brackets are shipped when the pump is required for use. 
The cranks are supported by the brackets and are attached to 
the shaft of the pump by cotters. 
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The leathers of the valves of a hand pump are apt to become 
dry, in which condition they are not air-tight, and consequently 
the pump may not heave; the best remedy is to fill up the 
delivery pipe of the pump with water, if it is above the water 
line; but, if the pump is below the water line, let it pump from 
the sea till the valves are in good working order. The foot 
valve, below the plungers, should be examined from time to 
time, and the leather renewed when necessary. The glands of 
all suction valves must be kept tightly packed, otherwise the 
air leakage may be great enough to prevent the pump lifting 
from the D.B. The lift of an atmospheric pump in good con- 
dition is about 25 feet on the average, the loss, 9 feet, being due 
to clearance spaces and friction. 

The Double Bottoms. — This is the space between the inner 
and outer skin of a ship. It is divided into compartments by 
the longitudinal and transverse water-tight frames. Manholes 
are fitted, formed by raised neck pieces rivetted on the inner 
bottom, with covering plates secured by means of hinged bolts 
with butterfly nuts. Small screwed plugs are fitted in the 
longitudinal frame dividing the wing spaces from the double 
bottoms. The framing in the double bottoms is painted with 
red oxide of iron, a new coat being applied once in each quarter, 
if found necessary. Before the plating is painted, all signs of 
rust must be carefully removed. It is necessary to supply a 
current of air, from a portable fan, to dry the paint. The edges 
of the joints in the bottom plating, and the heads of rivets and all 
pockets are filled in with Portland cement, or pitch cement, to pro- 
tect them from any accidental accumulation of water caused by 
leakage. The cement is mixed with a proportion of powdered 
coke or pumice stone, which is introduced to lessen the weight. 

The chief engineer and the carpenter are jointly responsible 
for the double bottom spaces. The necessary work is carried out 
by a party under the control of a chief stoker, and drawn partly 
from the deck hands and partly from the stokers. These men 
receive extra pay, but they must not be employed for a con- 
tinuous period exceeding three months, as the work is considered 
unhealthy. 

If certain spaces in the hull are inaccessible for drying and 
painting, well-slacked lime is added to the bilge water. 

All double bottom manholes are closed at sea, and the deck 
hands of the party are then employed, by the carpenter, in 
confined spaces other than the double bottoms or wings. 

The following regulations should be strictly enforced on the 
working party: — 

The double bottom to be entered should have its raised man- 
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holes opened at le^st twenty-four hours before anyone enters. 
The sluice valves between the upper and lower bottoms should 
also be opened, the plugs in the wings withdrawn, and the wing 
door opened, to increase the ventilation. 

Before any man enters a D.B. or wing compartment, the 
engineer in charge should personally see that a lighted candle, 
lowered to the bottom of the compartment, burns steadily and 
fully for at least fifteen minutes, and the men should not enter 
until they have received definite permission through their 
petty officer. The party in a compartment should never be less 
than three in number, and constant communication is to be kept 
up with the outside. 

The D.B. party are to be warned to leave a compartment 
directly the Mght begins to burn dimly. The work is to be 
performed with candles and not lamps, as the latter might be 
thought to burn dimly for want of trimming (see S,M.), 

On no account are bogies of live coal or coke to be taken into 
confined spaces for warming or other purposes. If necessary, 
hot iron bars may be employed, after permission is obtained 
from the engineer in charge. 

The following newspaper account of an accident which occurred 
in n.M.S. "Medea" will show the necessity for strict super- 
vision : — 

" Great consternation was caused on board Her Majesty's ship 
' Medea ' in Chatham dockyard, when it became known that four 
men who had been told off to clean the double bottom of the 
ship were missing. A search being instituted, it was found 
that the four men were still beneath the engine-room. A rescue 
party was formed, and two men were got out alive, but the 
other two were so swollen that they could not be got through 
the manholes. These were evidently dead. It has been ascer- 
tained that the men lighted a fire in a bogie, and took it into 
the double bottom for warmth. The dead men are a marine and 
a stoker. Workmen were set to cut away the plates to get the 
bodies out, and a doctor was summoned. The rescued men are 
in great danger. 

" Later inquiries show that the men were engaged upon what 
is always considered to be hazardous work — namely, the coating 
of the inner bottom of the vessel with composition. The compo- 
sition gives off an odour, even when used in the open air, but 
yesterday morning, the weather being cold, the men increased 
the danger by lighting a fire in violation of the regulations. 
When it was found that the men were missing, a search of the 
lower part of the ship was rendered impossible owing to the gas 
which filled the lower bottom. Numbers of seamen belonging 
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to the Reserve gallantly attempted the rescue of their comrades, 
but were driven back by the overpowering gas. Admiral Morant, 
superintendent of the dockyard, found that the only possible 
way of a rescue was by clearing the vessel of foul air, and to 
carry out this work three powerful air pumps were applied. 
Even after these had been at work a long time, the men who 
gallantly volunteered were still obliged to retreat in face of the 
deadly gases, and all hands were ordered to withdraw. The 
pumps were again set in motion, and when the rescue party 
managed to get below, they found the unfortunate man Harber 
lying close to a manhole, but in such a position that it was 
necessary to cut away some of the gear to get the body out. 
The other man, Smeed, was found a short distance from his 
unfortunate mate, and the two others who were assisting in the 
work — a chief stoker and an ordinary stoker — were brought out 
in an unconscious state, but subsequently recovered.'' 

Inner Skin. — The framing under the engines, boilers, and 
inner skin is protected by red oxide paint. Should any signs of 
corrosion appear, the S. M, directs that a little slacked lime 
should be placed in the bilges. 

Beserve Feed-water Tanks. — Certain spaces of the double 
bottoms, usually those situated under the engine-room or stoke- 
hold, are now generally used for the storage of fresh water for 
use in the boilers. It facilitates the work of cleaning if these 
spaces can be emptied independently. The reserve tanks should 
be cleaned out at least once in three months, and all grease 
should then be removed. 

The floors of the reserve tanks are coated with a layer of 
Portland cement, at least, 2 ins. thick. The side walls are not 
painted, but are protected by zinc slabs in immediate contact. 
The auxiliary feed pumps are fitted with suctions to these double 
bottoms ; there is no connection with the hand pumps. The 
double bottom reserve tanks are also in connection with the feed- 
tank overflow, and with the boilers by means of a portable pipe. 

Engine-room Telegraphs. — The dials in the engine-room are 
often connected with the pedestals on the bridge by means of 
bevel wheels on a line of shafting. Frequently this shafting 
runs over the tops of the boilers, and may work stiffly when the 
boilers are alight, owing to the longitudinal expansion caused by 
the high temperature. In some ships, expansion couplings are 
fitted to provide automatic adjustment. The bearings of the 
shafting should be rigid and of sufficient surface, otherwise 
grooves may be worn in the shaft and cause it to jam when 
slightly displaced. Lubricators are required on these bearings, 
and should be regularly attended — a point which is often over- 
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looked if the lead of the shafting is dif&cult of access. Trouble 
is often caused by articles slung over the shafting in the mess 
decks ; these articles may be drawn into the bevel wheels, and 
will temporarily jam the shafting. The engineer responsible 
should inspect the whole length of shafting previously to getting 
under way, and see that it is quite clear.* Paint is ofben 
recklessly applied in the neighbourhood of the bearings between 
decks ; the engineer should, however, keep the shafting bright, 
if possible, and allow no paint to be applied. If the bearing is 
smothered in paint, a little turpentine must be worked through 
to wash it out. This remedy is particularly useful when shafting 
is seized by a deck gland. Oil should be applied after the tur- 
pentine has freed the shafting. 

The above remarks apply also to the care of the controller 
shafting, connecting the steering wheels and the differential 
valve of the engine. 

Voice Pipes. — These pipes should be hung on elastic brackets, 
so as to be insulated from the vibration of the structure. The 
author has found that the duplicate ear trumpets, connected to 
flexible tubes lined with india-rubber, are very liable to be 
damaged; and also that the india-rubber lining melts and 
obstructs the sound. Such connections are improved by substi- 
tuting a single trumpet of large size. 

Hints on Uie Use of Voice Pipes. — Speak slowly and distinctly 
when using the voice pipe, and do not approach the trumpet end 
so closely that the mouth touches it. In transmitting orders as 
to the number of revolutions required it is better to say " six, 
seven," with a slight pause between the two numbers, than 
*' sixty-seven," because often only the last part of a compound 
number is distinct ; if there is any doubt, count up to the num- 
ber, thus, " forty, fifty, sixty," followed immediately by " five, six, 
seven," thus specifying the number required — viz., sixty-seven. 

Always repeat an order received through the voice pipe, and 
if it has been correctly repeated the officer at the other end will 
say "right," to which "aye, aye" may be answered. 

COAIi BUNEEBS AND COALING SHIP. 

The coal bunkers are generally spaced around the engine- 
rooms and boilers, running both longitudinally and transversely. 
The walls of the longitudinal bunkers are formed by the inner 
skin of the ship, and by a longitudinal bulkhead running 
parallel to the inner skin. The length is divided up by the 

* In a recent (1898) order the chief engineer is directed to make this 
inspection personJedly. 
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main transverse bulkheads of the ship, and also, in large ships, 
by intermediate transverse divisions. These bunkers open into 
the stokeholds through water-tight doors sliding vertically. 
The coal in the bunkers at the sides of the engine-rooms must 
be trimmed through water-tight doors, communicating with the 
after stokehold bunkers. The transverse bunkers are usually 
spaced between the engine-rooms and after stokehold, and 
between the forward and after stokeholds; the coal contained is, 
therefore, very handily placed. These transverse bunkers are 
fitted in long sliips only. 

Wing Spaces. — In the recent battleships and large cruisers 
the wing spaces are also utilised for coal. The spaces communi- 
cate with the bunkers by hinged water-tight doors, and the 
greater part of the coal must be trimmed through the bunkers 
to the stokeholds. These wing spaces are coaled through shoots, 
running downwards and outwards from the main deck. The 
bunkers of large ships in the Koyal Navy are, for the most part, 
situated below the armour deck, and the bunker lids are of the 
same thickness as the armour deck. When bunker spaces are 
provided above the armour deck, they communicate with the 
lower bunkers by shoots, closed at the armour deck by thick 
sliding doors, and, at the bottom, by hinged water-tight doors, 
protected by screens and opening into the lower bunkers. The 
armour door at the top of the shoot is fitted in a small square 
compartment, into which several reserve bunkers open by means 
of hinged doors. The practice, when it is necessary to use coal 
from these reserve bunkers, is to trim down into the lower 
bunkers while in harbour, so that, at sea, the water-tight doors 
of the shoots may be kept closed. The same practice is carried 
out with regard to the coal in the wings. 

It is not the practice to use up all the easily accessible coal 
before the reserve or wing bunkers are opened ; on the contrary, 
a ready supply of coal is always reserved by the chief engineer 
for use in the event of orders being received to st^am at full 
speed, in which event the men would be required on the fires 
and would not be available for trimming the coal from the 
remoter bunkers. 

Painting. — Opportunity is taken when the bunkers are empty, 
to take up the floor plates and renew the cement protecting the 
lap joints of the inner skin plating, and also to repaint the sides 
of the bunkers with oxide of iron paint. The coal rubs this 
paint away and a new coat is supplied, as necessary, when the 
bunker is empty. Owing to the confined nature of a bunker 
space this paint dries slowly, and it is sometimes necessary to 
blow a current of air throus[h, from a portable centrifugal fan. 
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in addition to the ventilation supplied by taking off all lids and 
opening all bunker doors to the stokeholds. 

A constant ventilation of the bankers is maintained by means 
of air-supply trunks led from the upper deck to each bunker; 
they are terminated in the open air, by a revolving plate 
slicQng over star-sbaped openings, or by a gridiron sliding valve. 
These are known as ** louvres," and are fitted with padlocks so 
that they cannot be accidentally closed. They are always kept 
open, except when a bunker is in use and the stokehold under 
air pressure. The bunkers are also furnished with exhaust 
trui]^s, which are led from the bunker to the funnel casing. 

In addition to this system of ventilation, it is the custom to 
air the bunkers, for about six hours one day in each week, 
whenever the ship is in harbour, by removing the bunker lids. 
The lids must not be off whilst the decks are wet. The shoots 
must be kept clear of coal. If no ventilation trunks are fitted, 
the lids are removed four times a week, for not less than three 
hours at one time. The surfax^e of the coal should be left 6 
inches from the deck beams. 

Fire-damp. — In spite of the above precautions accumulations 
of fire-damp occur in bunkers from time to time, more especially 
after coaling ship in wet weather. Consequently, whenever 
bunkers are opened, no naked lights are allowed in the neigh- 
bourhood of the doors, and, if a bunker is to be brought into 
use, all possible means are employed to ensure that it shall first 
be well ventilated. Safety lamps are used if a light is neces- 
sary for opening out, and they will indicate the presence of any 
combustible gases. 

The temperature of bunkers not in use is taken twice in every 
twenty-four hours ; any unusual increase of temperature should 
be immediately reported to the chief engineer. Special iron 
tubes, closed by screwed plugs in the main deck, are fitted, so 
that the thermometer can be lowered into full bunkers. The 
temperatures of bunkers in use are taken once in each watch 
and logged in the engine-room register. 

Bunkers, immediately over or quite near the boilers, require 
special attention on account of the risk of overheating. 

No rubbish should on any account be swept into, or stowed 
in, bunkers ; oily waste is especially dangerous, being liable to 
spontaneous combustion. 

Coal which contains sulphur, generally in the form of iron 
pyrites (FeSg) is liable to spontaneous combustion, caused by 
the decomposition of the pyrites ; the decomposition is acceler- 
ated by moisture. The heat of combustion of the pyrites, if not 
dispersed, may cause marsh gas to be given off by the coal, and 
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the risk of an explosion must be guarded against by efficient 
ventilation Wet coals are, therefore, to be avoided, and ships 
are best coaled on dry days. 

Coaling Ship — ^Disposition of Grew. — The method of bringing 
the coal on board varies with the locality. In Bombay, Port 
Said, and other eastern ports, the natives carry it in small 
baskets to the mouth of the coal shoots. In Malta and Gibraltar 
it is carried in baskets, from the ship's ports to the shoots, by 
the deck hands. 

When coaling from colliers, the deck hands have to fill the 
bags in the collier's hold and hoist them inboard. 

In every case, however, the coal is trimmed in the bunkers by 
the ship's stokers. In order to carry out the evolution smartly 
all available hands are employed. Coaling from a collier involves 
most work for the ship's crew. The disposition of the comple- 
ment is as follows : — 

The deck hands are disposed in the collier's hold and on the 
ttnip's deck, under the control of the deck officers. They fill the 
coal bags, man the whips, and transport the bags, when dumped 
on deck, to the coal shoots. The stokers available are disposed 
according to the capacity Of the various bunkers. When trim- 
ming is necessary they work continuously inside the bunkers, in 
two relief parties. The leading stokers are disposed on deck, 
one to each bunker, to regulate the supply of cosJ at the shoots, 
so as to expedite the trimming. Care and experience are required 
to ensure that pockets, formed by shoots or casings; in the 
bunkers are filled up early, so that no delay is occasioned whilst 
packing such spaces; and for this reason it is advisable that 
each bunker should be trimmed by the same men on every occa- 
sion of coaling. The relief party of stokers on deck help to tip 
the bags and to drag them to the shoots. The chief stokers are 
in charge of a set of bunkers, to ensure that each receives an 
adequate supply. The skilled mechanics are employed in running 
the collier's winches, and the seniors among them tally the bags 
as they are dumped, and superintend the weighing of a certain 
proportion of bags — usually one bag in ten. The junior engineer 
officers are stationed so that they can supervise groups of bunkers 
and regulate the supply in such a manner that the ship is kept 
upright. They also take account of any bags lost overboard 
between the ship and the collier, and see that the loss is imme- 
diately brought to the notice of the officer of the watch and 
logged. The chief, assisted by the senior engineer, exercises a 
general supervision. 

The above arrangements are made known to all concerned, 
by the senior engineer, who makes out the stations in readiness. 
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If a sbip has to *' break bulk " from a collier, the chief engineer 
examines the coUier^s holds when they are opened and reports 
that the condition is satisfactory find that the holds have not 
been opened for the use of the collier. 

If a ship's company have to " sweep out " the collier, the chief 
engineer reports that the holds have been properly cleared. 

The following preparations have to be made for coaling 
ship : — 

An examication of the ship's bunkers must be made, and an 
estimate prepared of the quantity of coal required to fill each 
bunker. 

The necessary coal shoots must be rigged in readiness ; in a 
battleship this operation takes about three hours. 

The coaling ports and fixed structural shoots must be opened 
out, and all portable screens for bunker doors should be seen to 
be in place. 

A supply of coal must be trimmed into the stokehold, for 
the use of the auxiliary boilers, until a suitable bunker can 
be utilised. A bunker can be opened out, for this purpose, 
when it is filled above the level of the top of the water-tight 
door. 

Stores Required. — The following stores are required, and must 
be mustered and stowed in a convenient place, under the store- 
keeper's charge : — 

Coal bags; shovels, round-nosed and square, the former for 
use in the collier's holds ; hanging lamps for use in the bunkers, 
these must be trimmed and filled ; coal trucks for transporting 
the full bags to the shoots ; a few stout fire slices ; and some 
heavy sledge hammers to clear choked shoots and to break up 
large lumps. 

Report. — The following particulars are given of the coaling of 
H.M.S. "Sanspareil" from a collier at Poros, 21/11/94; a 
collection of similar records should be made : — 

Collier S.S came alongside at 6.45 a.m., 4 winches in use. 



7 a.m., started coaling. 

7 to 8 a. m., received 72 tons. 

8to9 „ „ 87 „ 

15 minutes' stand easy. 
9 to 10 a. m., received 56 tons. 
10 to 11 ., „ 96 
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11 to 12 noon, received 80 tons. 

12 to 1 p. m., went to dinner. 
1 to 2 „ received 64 tons. 
2to3 „ „ 50 „ 
3to4 „ „ 45 „ 

4 p.m., finished coaling. 



Total quantity received, 555 tons; total working hours, ?}• 
Stores employed — 200 bags (2 cwt.), 47 round-nosed shovels, 20 
trolleys, 4 hammers, 4 mauls, 4 slices, 2 spring balances, 2 hand 
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spikes. The above performance, good at the time, has since 
been greatly exceeded by ships of the " Royal Sovereign " and 
** Majestic " class using Temperley transporters. As much as 
175 tons has been taken in during each of two consecutive 
hours ; and a total quantity of 775 tons at the rate of 160 tons 
an hour.* 

After Coaling. — After the bunkers are filled the following 
duties have to be carried out by the engineers : — 

All means of ventilation are placed in operation. 

The lids of shoots on the upper deck are jointed with a mix- 
ture of white lead and tallow, and made water-tight. 

The coal shoots are taken down, swept, and properly stowed 
in their assigned positions. 

The men employed in the bunkers are mustered. 

Stores are mustered, surveyed, and returned to the store- 
keeper, and the chief engineer is informed of any losses or 
damage incurred. The coal bags must be well shaken out; 
those broken are set aside for repair. The commander generally 
lends a party of deck hands for the sewing work required. 

The quantity of coal received is estimated from the average 
weight deduced by the weighing operations, and from the total 
number of bags received. The 2-cwt. bag itself weighs from 
12 to 13 lbs., and commonly scales about 230 lbs. when well 
filled. 

The Temperley transporter facilitates the operation of coaling 
ship from a collier ; these appliances are now carried by certain 
ships of the Fleet, and are lent to other ships when ordered by 
the admiral in command. The following sketches of details and 
description were given in Engineering of 15/11/95. The ap- 
pliance consists essentially of a beam or spar, which can be 
hoisted and supported from a suitable hook. A traveller runs 
on a rail attached to this spar and carries a skip or bags. This 
traveller can be stopped at any one of a large number of points 
along the rail, and the skip lowered and raised. When the 
load is being lowered, the traveller is rigidly locked in its ways; 
and when it is travelling the load is locked, so that it cannot be 
lowered. The whole of the various motions of lowering and 
travelling are controlled by a single wire rope passing over the 
pulley at the end of the spar. The spar is stayed, at frequent 
intervals, by a series of wire-rope stays, which, at their upper 
ends, are connected by a single ring. The whole appliance can 
thus be slung, if desired, from an ordinary derrick or crane, and, 
when employed on shipboard, it is not mounted till just before 
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Magnificent " coaling from Collier, 29/11/97. 
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nse, being secured on the deck until wanted* The ends of the 
spars are stayed to fixed points, and when all is hauled taut, the 
transporter is sufficiently rigid. 

The various parts of the Temperley transporter should be 
mustered and inspected on the day previous to coaling ; all 
lubricators should be filled and the pawls worked. 

In the example erected At the Midland Coal Company's 
Wharf, Woolwich (Plate IV., Fig. 1), the spar is 85 ft. long, and 
can be traversed along its supporting beam a distance of 40 ft., 
so that a very large area is commanded by the skip. The rail on 
which the traveller runs is made out of a channel-iron, and is 
fitted with stops at intervals of 5 ft. All the stops, save the one 
at the lower end of the spar, are under control, the skip only 
being stopped at them if the engineman so desires. The one 
at the end is, however, so constructed as always to stop the 
traveller there. The construction of the traveller, permitting 
all these operations to be performed by a single rope, is shown 
in detail in Figs. 2 to 6. In Fig. 2 the traveller is shown free 
to move down the beam, whilst in Fig. 3 it is locked, and the 
load can be raised or lowered. Assuming the traveller locked, 
and the load to be raised, the ball shown in Fig. 3 strikes against 
the pawl lever, and, raising the pawl, frees the suspender hook. 
This hook is then moved round by the continued motion of the 
ball until the suspender bolt enters the gab of the single cam, 
causing it to rotate. By means of a sliding bolt the motion of 
this cam affects the double cam, rotating it so as to withdraw 
the catch from the notch shown on the bottom side of the beam. 
The traveller is then free to move, the parts being in the position 
shown in Fig. 2, and the load, as will be seen, is carried on the 
suspender hook. The above cam action has the peculiarity that 
when in. the position shown in Fig. 2, motion can only take 
place by actuating the double cam ; and whilst in the position 
shown in Fig. 3, it can only take place by actuating the single 
cam. In the position shown in Fig. 2, the traveller can be 
moved either up or down the beam without difficulty. In the 
latter case the toggle shown at the top of the double cam clears 
the stops without difficulty ; but if the motion is upwards this 
toggle strikes against the back of the stop, as shown in Fig. 4, 
and is turned over into the position shown in Fig. 5. If now 
the traveller is again allowed to slide down the beam, this toggle 
catches, as shown in Fig. 6, and moves the double cam round so 
as to engage with the stop. This motion of the double cam at 
the same time turns the suspender hook by suitable linkwork 
into the position shown in Fig. 3, in which the traveller is 
locked^ whilst the load can be raised or lowered. In working, 
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the skip is run out to the end of the spar, where the traveller 
always locks itself, there being a specially deep stop there. The 
skip is lowered and filled, then hoisted till the ball unlocks the 
traveller and locks the load. The skip is then traversed up the 
beam past the desired stop, and allowed to go back, when it 
locks itself, and the load may be lowered. On raising the skip 
again, the traveller is unlocked, moved slightly up the beam, 
and allowed to run down again to the lower end, when the 
former cycle of operations is repeated* 
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CHAPTER XI. 

CLEANING, PAINTING, AND PRESERVATION OF 

MACHINERY. 

The materials generally used for cleaning are — whiting, soft 
soap, disinfectant powder, hard soap, soda, bath brick, blacklead, 
kerosene or paraffin, turpentine, emery cloth, burnishers, oakum, 
cotton waste, &c. 

Taking the materials in order : — 

Soft soap is used for washing linoleum, decks, and rough paint 
surfaces. It will spoil good paint surfaces, as it renders them 
thin and dingy. It does not leave a very white finish on the 
decks, and should only be used for rough purposes. Clothes 
washed with soft soap have a disagreeable odour. 

Disinfectant powder is more powerful than soft soap. It is 
used for removing grease stains from boards orcorticene, but 
should not be employed for painted surfaces. It should be 
applied and left to dry on the deck, at the part stained by 
grease. 

Hard soap (common yellow) is more expensive than soft soap, 
but is greatly to be preferred for painted surfaces and for white 
decks. It should be dissolved in warm water and not rubbed 
over the paint work. A soft flannel should be used. Paint 
work should be thoroughly rinsed after being washed. 

Soda is dissolved in warm water and used with soap for 
washing out grease marks. 

Bath brick dust is used for polishing rails, rods, and metal 
surfaces. It should be used with great care, so that none obtains 
access to bearings. The men will often use the empty lubricators 
as receptacles for their brick and cleaning rags. This practice 
should be punished when detected. The brick dust should be 
rubbed to a very fine powder before being applied, as it then 
produces a much better polish. 

Black lead, mixed into a thin paste with a little kerosene, is 
used to impart a black finish to surfaces subjected to heat which 
qannot be painted ; the kerosene evaporates and leaves a black 

U 
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shiny surface. Blacklead is also used for cold surfaces, such as 
floor plates and ladders ; care must be taken to put it on very 
thin, or it will be trodden about the decks. 

Turpentine is used to clean dirty paint work, which it does by 
dissolying the paint. 

Emery cloth must be used with discretion, and care must be 
taken to protect adjacent working surfaces from the grit. 

Burnishers are to be recommended, those formed of chain links 
on a leather pad about 4 inches square are best. They leave a 
beautiful finish on bright work previously cleaned with brick 
dust. 

It is generally necessary for the engineer in charge of a de- 
partment to provide burnishers and a certain amount of emery 
cloth, and the practice encourages the men to take a proper 
pride in the appearance of the machinery. 

Freservation of Bright Work. — When bright work is to be 
left for some time without attention it is smeared thoroughly 
with a paste of mineral oil and white lead, which is easier to 
remove than a surface of paint. The same practice is followed 
for long runs under steam. 

Spare gear, which is to be bolted in racks, is painted first with 
a coat of red lead for preservation, and afterwards with a coat of 
white lead. Bright work should be kept well oiled, except 
when it is cleaned for the periodical inspections (Art. 121, Steam 
Manual). 

Ko part of the machinery which can be kept polished should 
be painted; this rule will benefit both the appearance and 
durability of the machinery. It is usual, in II.M. service, to 
constantly work to this end, throughout a commission, by 
gradually removing the painted surfaces and replacing the paint 
by polish. The condition of polished machinery is evident to 
the eye, whereas painted machinery may be gradually eaten into 
by rust. For this reason it is necessary to take down, clean, 
and examine all the spare gear as often as possible, say at an 
interval not longer than twelve months. The paint should be 
scraped off, the surfaces polished, so that all rust is removed, and 
then the surfaces should be painted afresh, and the gear secured 
in the racks provided. 

No whitewash is to be, on any account, used on any portion of 
the iron or steel frames, outside plating, lower parts of bulkheads, 
inside plating, or other works in the holds of vessels, and in no 
other case is whitewash to be used on ironwork, unless the iron 
be first well coated with paint (Art. 563, Steam ManuaX), 

The composition of whiting is about 95 per cent, calcium car- 
bonate, 3 per cent, silica, and 2 per cent, of water. 
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Painting. — Before painting a surface it shoald be thoroughly 
washed to remove all grease and dirt. If soda, or disinfectant 
powder, is used in the washing, all the alkali should after- 
wards be removed from the surface by rinsing it with clean 
water. 

The surface should be thoroughly dried before the paint is 
applied, otherwise the evaporation of the moisture will form 
blisters. 

The surface of the old paint should be smoothed down with 
pumice-stone or sand-paper before the paint is applied. 

The drying of paint is, to a certain extent, dependent on the 
temperature; paint exposed to a temperature of 120* F. will dry 
in a few hours if situated in an open space. 

Blistering is caused if the inner coat be thick, and still wet, 
when the outer coat is applied. 

Paints and Varnishes. — The ordinary paints used in the 
engine-room department are — Ked lead, red iron oxide, white 
lead, zinc white, ordinary black, japan black, yellow ochre, engine 
green, <fec. 

Red lead paint consists of a mixture of two oxides of lead. 
It is prepared by roasting metallic lead till the protoxide is 
formed, which latter is then heated in a reverberatory furnace 
until the right colour is obtained. It is a permanent paint, 
except when acted upon by sulphur or sulphides. 

Bed lead mixed with boiled linseed oil is the most generally 
used paint for coating metallic surfaces exposed to damp — such 
as engine bearers, boiler bearers, the exposed bottoms ahd fronts 
of boilers, bilges, pipes in bilges, propeller shafting, funnels, 
spare gear, <fec. 

The paint acts as a preservative against rust, by protecting the 
metallic surface from contact with water. It is essential that 
the surfaces should be scrupulously cleaned and dried before the 
paint is applied. 

Men should not be employed for a longer period than two 
days in painting with red lead, nor should they be forced to 
undertake such work (see Art. 576 of S.M.). 

Red oxide of iron is used to coat surfaces and preserve them 
from rust. It is applied in confined spaces, such as those of 
the double bottoms and wings, where the use of red lead is 
prejudicial to the health of the men applying it. Surfaces 
coated with iron oxide are sometimes sticky, owing to the want 
of sufficient driers. The paint should be mixed with boiled oil, 
and the driers should be added by an experienced man. All 
paints require careful mixing and a considerable amount of 
stirring and working. 
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Compartments painted with oxide should be specially ventil- 
.ated in order to dry the paint. 

Red oxide paint of a brown-red colour is prepared from the 
native hydrated oxide (FogOg), which is ground up in a wet mill. 
To obtain a brighter red the oxide is calcined to effect dehydra- 
tion. When the requisite shade is obtained, the charge is 
drawn from the furnace and allowed to cool. 

The precautions to be observed, in order to preserve the 
health of men engaged in painting, are laid down in Art. 676 
of the S,M, : — " The working clothes should be of canvas and 
not of woollen material, and should be washed at least once 
a week. The hair and body should be washed several times a 
day. A mask of muslin, or bunting, may be used over the 
mouth. Plenty of fat or oily food should be eaten. 

'^A sulphuric acid orangeade drink is a good preservative. 
It is thus made : — 

Diluted sulphuric acid, . . • , • 1^ oz. 

Concentrated infusion of orange peel,. . • l|oz. 

Syrup of orange peel, 5 fl. oz. 

Mix with two imperial gallons of water. 

<' A large wineglassful to be taken for a draught, mixed with 
water according to taste. 

" The use of this drink should be compulsory. 

'^ The men should appear before the medical officer not less 
than once a week." 

White lead is carbonate of lead. It is made by exposing lead 
plates to the combined action of vinegar and carbonic acid gas. 
The plates of lead carbonate are ground in water to a fine 
powder. 

White lead is used for bulkheads, as a reflector and to preserve 
a good appearance. The sulphurous gases generated by bilge 
water and heat have a speedily injurious effect on its appear- 
ance. A temperature of 200° F. causes white paint to lose its 
elasticity and become brittle. 

Wet surfaces of white lead are prejudicial to the health, and 
men should not be continuously employed in such work {Steam 
Mcmual^ Art. 576). 

Zinc white consists sometimes of pure oxide of zinc, formed by 
volatilising the metal; the vapour of the zinc unites with oxygen 
and a white powder is deposited. This paint is less poisonous, 
but also more expensive, than white lead. 

Another zinc white, produced by the ** Griffith's '* process, is 
an oxysulphide of zinc ; it is not so expensive as the zinc oxide 
and has as good a covering power as white lead, It is dearer 
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than white lead, but resists the action of the weather better, and 
is therefore said to be more economical. 

Zinc white, mixed with a certain proportion of varnish, has 
a far better and more lasting appearance than white lead. It 
can be used as a top coat, and gives a good finish to engine 
columns, and to the approaches to the engine-room which have 
good daylight upon them. Faint mixed with varnish dries 
rapidly. To produce a very smooth surface, successive coats 
must be applied and rubbed in by pumice-stone. 

Black Paints. — All black paints owe their colour to carbon, 
which is obtained by carbonising organic matter, particularly 
bones. The carbon produced should be free from oily matter, 
since this latter reduces the drying properties. 

Ordinary black is used for the lower portions of engine-room 
columns, and generally to show up the white surfaces painted 
with white lead or zinc white. 

A good serviceable method of painting engine-room bulkheads 
is to mix a French grey — using black paint and white lead — and 
apply it to a height of, say, 4 ft. all round the engine-room. 
The upper part of the bulkhead is painted white and separated 
from the grey by a band about 3 ins. wide of red or black paint. 
The French grey is more lasting if " granited." This is done by 
dipping a stiff nail brush, or a small bundle of fibres, in red, 
black, and white paint successively, and throwing small spots 
uniformly on the grey ground by drawing the finger across the 
fibres of the brush. If well done, a " granite " surface looks 
better than the clean grey ground, and shows fewer dirt marks, 
but^ carelessly done, its appearance is smudgy. The paint is 
more durable if protected by a top coat of varnish, and can then 
be washed with soap and water without injury. 

Black ftmnels are treated by first coating the clean metal 
surface with boiled linseed oil, and afterwards applying a coat of 
very thin black paint. The great heat to which some funnels are 
exposed makes it necessary to renew the black coat frequently. 

Japakl black is prepared from asphaltum, linseed oil, red lead, 
litharge, and copperas. It is a varnish. 

Japan black imparts a more finished and smoother appearance 
than ordinary black, but it is usually supplied in very small 
quantities to the engineer's stores. 

Modem Brunswick greens consist of a white pigment (sulphate 
of baryta) as base, coloured by Prussian blue and chrome yellow. 
They are fairly durable, but are notably darkened if acted upon 
by sulphur or SHg. Sometimes a small quantity of gypsum and 
lead sulphate are present in this paint. 

Engine green is supplied ready mixed. It is the best paint to 
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use for hot surfaces, such as the tops of cylinders, because it resists 
the action of heat far better than the other ordinary paints 
supplied. 

Scheele's green is composed of 1 part of powdered arsenious 
oxide (white^, and 2 parts of potash (carbonate of potassium), 
dissolved by boiling in 35 parts of water ; the solution is filtered 
and poured into a solution of 2 parts of copper sulphate as long 
as a precipitate continues to form. The precipitate is collected, 
washed, and dried at a gentle heat. 

Heat decomposes all the copper greens. 

Yellow Ochre. — The canvas covers of steam pipes, when lagged 
with felt, are usually painted with yellow ochre mixed with 
boiled linseed oil ; the paint will usually last as long as the 
canvas, and preserves the latter. 

This pigment consists of an earthy base coloured by oxide of 
iron, or oxide of manganese, or both. 

Yellow ftinnels are treated by first coating the clean-scraped 
metal with boiled linseed oil or red lead, and, when this coat is 
dry, applying a coat of yellow wash of the following com- 
position : — 



17 lbs. yellow oohre. 
60 „ whiting. 
2 „ glue. 



H pints boiled linseed oil. 

2 or 3 oandles. 

Water as required by shade. 



The whole to be allowed to simmer for two hours and to be con> 
tinually stirred. This mixture gives a rather light colour. 

Yellow wash is best applied when the funnels are cold, other- 
wise it dries too quickly and is patchy. 

The framing used to carry the men should be thoroughly 
examined before use by an experienced mechanic, as should also 
the hoisting chains, and the top pulleys and bolts secured to the 
outside of the funnels ; these fittings are exposed, and have been 
found wasted by rust. 

The same composition of yellow wash may be effectively used 
for the lower parts of the casing over the boilers, which are 
exposed to view. The iron surfaces must first be coated with 
red lead to protect them from the wash. 

Linseed oil is obtained by crushing the seed of the flax plant. 
It is never pure because the seed is always mixed with that of 
the cotton plant, or with mustard and colza seed. 

" Boiled '' linseed oil is obtained by heating the raw oil to a 
temperature of about 300** to 400"* F. with metallic oxides called 
"driers," usually litharge or red lead. Linseed oil dries by 
•oxidation, and the oxides added act as driers, both by giving up 
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their own oxygen and, more actively, by facilitating the com- 
bination of atmospheric oxygen with the oil. 

Boiled linseed oil dries much more rapidly than the raw oil, 
and leaves a hard lustrous coat. As a vehicle for paint, raw 
oil is added to the boiled oil, because the former, used alone, 
leaves a coat or skin, deficient in elasticity and liable to crack. 
Boiled linseed oil is sometimes called oil varnish ; used alone it 
is too porous to thoroughly protect metal surfaces. 

Few oils are capable of being used for painting ; in fact, only 
such as possess the property of ''drying," and becoming hard 
when exposed to the air. The following list includes the 
best : — 

Linseed oil, poppy seed oil, weld seed oil, menhaden oil, hemp- 
seed oil, tobacco seed oil, walnut oil, Japanese wood oil. 

In addition, cottonseed oil and rosin oil may be mentioned as 
possessing weak drying properties. 

Linseed oil is the only oil in general used for painting; if 
boiled with caustic soda it is decomposed, forming soap and 
glycerine. 

Turpentine is a resinous exudation from certain species of 
pine trees. 

Varnishes may for practical purposes be classified as — (1) 
natural varnishes ; (2) oil varnishes ; (3) spirit varnishes ; 
(4) water varnishes. , 

The first comprise the natural lacquers of China, India, and 
Japan ; they issue from the tree in a liquid form. 

Oil vamiabes are made from resin, linseed oil, turpentine, and 
some spirit. The process comprises melting the resin or gum, 
boiling the oil, mixing the melted gum and boiling oil, boiling 
the varnish, thinning the boiled varnish, and clearing. 

Freshly-made varnish is unsatisfactory in use ; it requires to 
be kept in large iron tanks from six months to two years, 
during which time the insoluble constituents settle down. 

The ingredients of Japan black have been mentioned; the 
ingredients used for Brunswick black are the same, but the 
varnish is thinned with turpentine. 

Spirit varnishes are prepared by dissolving resins in methy- 
lated spirits, by the aid of heat or otherwise. On drying, 
the film tends to contract, and the resin being brittle, the 
varnish is apt to crack. 

Varnishes differ from paints in giving a transparent lustrous 
coat capable of resisting the destructive action of the weather. 

Oil varnishes, properly mixed, neither expand nor contract 
on drying. 

Fitch, of extreme hardness, can be obtained, which (if care- 
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fully softened by the addition of creosote oil and then dissolved 
in one of the cheaper light oils, or in some corresponding product 
of petroleum), yields a yarnish which, when used for the pro- 
tection of ironwork, gives very satisfactory results. If this 
protective be used, a coat of boiled linseed oil should be applied 
to the clean surface of the iron, and i^fterwards, when perfectly 
dry, should be covered by a coat of the pitch varnish.* 

The following article is abridged from Engineering, May 14, 
1897 :— 

The Painting of Metallio Struotures. — In spite of all care, 
corrosion takes place, and each time the protective coating is 
renewed a great amount of rust has first to be removed. It 
seems to be impossible to prevent iron — ^and more particularly 
steel — ^from rusting » Engineers, as a rule, know little of the 
chemical aspect of paints, and have to rely on their practical ex- 
perience to guide them. It requires a highly-skilled chemist even 
to guess at all the changes which take place in a coat of paint. 

Mr. A. H. Sabin, formerly professor of chemistry in the 
University of Vermont, America, has made important experi- 
ments on this subject. There was a time, he says, when nearly 
all the bridges of America were painted with powdered pigment, 
usually a metallic oxide, or carbonate, suspended in linseed oil. 
These paints are durable on wood, but experience shows that 
the oxide acts as a carrier of oxygen to the underlying iron, 
causing it to rust. Furthermore, linseed oil makes a porous 
coating, through which moisture can penetrate, and is also easily 
attacked by sulphur compounds. Hence this class of paint has 
been mostly abandoned, for structural work, particularly when 
it contains iron oxide. Iron oxide for paint is, usually, either 
a mixture of iron oxide (FogOg), with 30 to 70 per cent, of clay, 
or is made from granular ore, which may be ground to a powder 
without much difficulty. These soft ores contain hydrated 
oxide, which is identical with the principal constituent of iron 
rust, and it is believed that the particles form centres of rusting 
on the surface to which they are applied. 

The chemical problems involved in the use of paints, having 
red or white leads as pigments, are obscure. The lead probably 
combines with the oil to form a soap, the acid of the oil uniting 
with the lead of the oxide to form a salt. The addition of lead 
compounds to oil increases its rate of drying, whether heat be 
used to combine them or not. White lead is converted, in time, 
into a crumbling soap which washes off. 

*For further information on Paints, see PavnJteri Colours^ Oils, and 
Varnishes, by G. H, Hurst, published by C. GriflSn & Co. 
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The quality of a paint depends greatly on the oil. The best 
quality of linseed oil is obtained from pure seed, by pressure at 
a not very high temperature. The oil is thus obtained mixed 
with some watery and vegetable matters, from which it separates 
on standing. If it be stored in a warm place from one to three 
months a considerable sediment settles out, leaving the oil bright 
and clear. Often, the linseed contains a large proportion of 
foreign seeds and the oil is a mixture from the beginning. 

"Boiled oil,'* Mr. Sabin tells us, does not mean anything 
definite. The old practice was to put linseed oil in a kettle and 
heat it to 400" or 500" F. The heat was only sufficient to attack 
the foreign vegetable matters in the oil, and at that point some 
lead and manganese compounds were added, which combined 
with the oil, making it darker in colour, heavier in body, and 
much more active in drying. All such oils are, we are told, 
inferior in durability to pure raw oils, for every bit of drier 
added to oil lessens its permanence. It is supposed that the 
oxides act as carriers of oxygen, enabling the oxygen of the air 
to combine with the oil ; and their injurious effect is ascribed to 
their enabling the oxygen to continue its action on the oil after 
the latter has absorbed the normal amount. ** Boiled oil" is 
now commonly made by adding a few gallons of liquid Japan 
drier to every barrel of raw oil. In the way of adulteration 30 
to 50 per cent, of fish oil, liberally treated with driers, is used ; 
and sometimes a mixture of mineral oil, resin, and driers, equal 
to one-third or one-half the whole, is added to the linseed oil. 

Another class of paint consists of asphalt (mineral pitch), or 
other bitumen, dissolved in turpentine, benzine, or other fluid. 
Asphalt is a class of minerals intermediate between the petroleum 
oils and bituminous coal. Such paints often contain resin, which 
is detrimental to everything but appearance. Some of these are 
true oil varnishes, properly combined with linseed oil, and these 
are very durable. 

Mr. Sabin holds that the maximum of durability is only to be 
reached by a compound of hard asphaltum, copal gum, and 
linseed oil, thinned, if necessary, with pure turpentine. The 
oil must be pure, and should be so refined as to have its non- 
drying constituents removed, in order to avoid, as much as 
possible, the use of driers. 

Such a compound as the foregoing satisfies very well the 
requirements of a paint for metallic surfaces. 

A coated metal surface can be improved by baking or 
"stoving" it. A familiar instance is found in bicycles. The 
paint or varnish hardens into a glass-like surface, which resists 
hard usage and the efiect of weather in a wonderflil manner. 
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Cement. — Portland cement is made by burning cbalk in order 
to expel the carbonic acid, the lime so formed being then ground 
up with clay {silica) to a fine powder. If kept in a- damp place, 
cement will cake, and undergoes chemical changes ; it is only 
the impalpable powder that possesses cementing properties. 
Cement should be turned out of the cask and exposed to the air, 
just before use, in order to slake the free lime ; it then absorbs 
water and the powder increases in bulk. The strength of 
cement increases with the time after setting, up to a certain 
limit ; the tensile strength is about 350 lbs. per sq. in. at the 
end of seven days. 

The composition of the black or pitch cement, sometimes used 
for the preservation of the hull plating, is as follows : — Mineral 
pitch, 250 lbs. ; mineral tar, 6 gallons ; Koman cement, 360 lbs. ; 
fine white lime, 56 lbs. ; fine rosin, 14 lbs. It is lighter than 
Portland cement, but will run if exposed to a high temperature, 
for which reason it is not employed on the plating under the 
boilers. It should not be used in confined spaces, as it is in- 
jurious to the men employed in its application. The directions 
for its preparation are as follows : — Boil the pitch and tar, add 
cement in small quantities and mix thoroughly ; add the lime 
and rosin in a similar manner. When well mixed boil for eight 
hours. The surface of the plate to be protected should be well 
washed and dried, and then coated with a varnish made by 
boiling mineral tar for eighteen hours. 

Coal tar is injurious to iron surfaces on account of the 
ammonium salts and carbolic acid it contains. 
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CHAPTER XII. 

RECIPROCATING PUMPS, FEED HEATERS, AND 
AUTOMATIC FEED-WATER REGULATORS. 

BBCIPBOCATING- PUMPS. 

The type of pump known as the "Keyham pattern," now 
nearly obsolete, requires considerable attention, chiefly caused 
by the wear of the crosshead brasses, which require refitting 
about once a month. Liners should be secured to these brasses 
by rivets with countersunk heads, in addition to a soldered 
joint; the main bearings and eccentrics also require lining up 
from time to time. The pump-rods tend to wear taper, and the 
pump glands then leak; these rods are often made of steel 
covered with a sleeve of gunmetal, the plunger being secured 
by a cap-nut, which must be well jointed to prevent water 
obtaining access to the steel rod. The pump-rods are also made 
of solid gunmetal, of equal strength to the covered rods, but of 
larger diameter, with a T-head bolted to the steel crosshead. 
These rods have a considerably longer life owing to their 
increased bearing surface. Those pumps employed as feed- 
pumps often have metal valves (Fig. 58), which wear well and 
are generally satisfactory. Those fitted as salt-water pumps, for 
the bilge and fire service, are run at a faster speed and have flat 
india-rubber valves. 

Corrosion. — Instances of very rapid corrosion of the barrels 
and valve seatings have occurred in these salt-water pumps; the 
barrels have sometimes been eaten through in a week. The 
cause has been attributed to a rapid galvanic action set up by 
leaks in the electric circuits of the ship. The copper suction 
and delivery pipes have also rapidly deteriorated in some cases, 
particularly when the pipes are placed in the bilges. For this 
reason zinc plates'^ (Fig. 59) have been introduced, placed in 
special boxes inserted in the length of the pipe. The zinc plate 
is suitably bolted to the cover of the box, so that it can be easily 

* In later practice mild steel plates are used. 
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tallow, answers best for the pump glands. The pistons have 
cast-iron spring rings and give little trouble. The plungers 
are packed with gun-metal rings. A single broad ring lasts 
longer, and is to be preferred to narrow rings fitted in divisions 
of the packing space. These rings are cut transversely and are 
compressed when in place. In the case of the broad ring, a 
junk ring is fitted, secured by the pump-rod nut; the narrow 
rings are commonly sprung over the plunger into the recesses 
provided. 

The spare gear should be kept up to the establishment, since 
it is frequently required. 

The old pattern Admiralty pump is made in the following 
seven sizes : — 



DeacriDtlon. 


Diam. of Steam 


Stroke. 


Diameter of 


Capacity in tons 


BevB. per 




Cylinder. 




Piimp. 


per hour. 


minute. 


No. 1 


9 ins. 


9 ins. 


6 ins. 


70* 


80 


„ lA 


7i M 


9 » 


5 „ 


48-5* 


80 


,, 2 


6| „ 


7 ,. 


4i „ 


31» 


80 


„ 2a 




6 „ 


4 „ 


21* 


80 


,, 3 


4i „ 


5 „ 


3 „ 

4 „ 
Diam. of 


10* 


80 


» 4 


•4| „ 


3 „ 1 


(3-7(estim.) 


100 






( 


plunger 2H. 


) 








( 


Do. 2 J ins., 


J 




„ 4a 


4| „ 


3 „ 


upper part of 
plunger 2 ins. 


[l-9(estim.) 


100 



Duplex Pumps. — For the purpose of supplying feed-water 
the old Keyham pattern pump has been superseded by various 
forms of direct-acting pumps having no eccentrics or crank- 
shafts. The Belleville, Weir's, the Worthington and Mumford's 
pumps, illustrated, are examples of these types. 

These pumps have given satisfaction. It is particularly easy 
to examine the head and foot valves, which are generally fitted 
directly under separate covers. There is no side thrust or 
bending moment on the pump-rods, and the glands therefore 
wear better and the leakage is slight. 

In 1896 a pattern of pump was adopted by the Admiralty, having 
the crank-shaft situated below the pump casting; by this means 
a long connecting-rod is secured. The slide valves are worked 

* Efficiency estimated at 0*9, 
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to divide the lost motion equally, move the valve each way 
until it touches the nuts, and see that the port openings 
are equal. The most reliable way of setting the piston at 
half-stroke is to screw the gland up hard, so that it cannot 
move with the rod; then prise the rod up and down till 
the piston touches the cover and cylinder bottom respec- 
tively. Make a mark on the rod close up to the gland in 
each of the above positions. Divide the total distance between 
the marks by 2, and make a central mark, which is then 
brought up to the gland at half- stroke. If it is necessary 
to remove, or tighten up, the nuts on the piston-rods, the 
latter must be prevented from turning; otherwise the valve 
levers may be strained. When prising the piston-rods, apply 
the crowbar under the solid part of the crosshead, to avoid 
damaging the lugs. 
Probable causes of irregularity : — 

(1) The most usual cause is a leaky or throttled suction 
pipe, which produces hammering or a short stroke. The 
pipes should have easy bends, and if a strainer is used the 
net area of the holes in it should be about thrice that of 
the pipe. 

(2) The slide-rods, being disconnected to repack the glands, 
may have been turned round, on reconnecting, so that the 
valve setting is altered. 

(3) The stuffing-boxes may be too tightly packed. The turns 
of packing should be cut so that they do not quite butt before 
being screwed up in place. 

The piston- and plunger-rods are screwed into a sleeve piece 
and are secured by cotters. This fastening may need tighten- 
ing periodically. 

Mnmford's Duplex Pump. — The illustration (Plate V.) 
gives a sectional elevation through one cylinder and piston; 
a sectional plan, and a cross-section through both cylinders 
and pistons. As will be seen, the cylinders are made long 
— more than twice the length of the stroke — ^and are fitted 
with long pistons, such that the ends do not pass the 
middle of the cylinder. These pistons are fitted with spring 
rings at each end. At one side of the bore of each cylin- 
der, in the middle of its length, is an ordinary three -port 
valve face. The middle port is for the exhaust steam which 
is led into a common pipe at the side of, or underneath, 
the cylinders. The other two ports are for steam, and are 
led to the two ends of the adjacent cylinder, as shown by 
the dotted lines in the plan (Plate Y.). Each end of each 
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piston on one side is made in the shape of an ordinary D slide 
valve, and these slide valves are so placed that, when the pistons 
are set true with the valve faces in the cylinders, and guided so 
as always to travel without turning, the slide valve at one end 
of the piston admits steam to one of the ports in its valve face 
and opens the other port to exhaust. Alternately, the slide 
valve at the other end of the piston opens the other port to 
steam and the first one to exhaust. Thus each piston, in making 
its stroke, alternately opens the end of the adjacent cylinder to 
steam and exhaust, and acts as a slide valve to it. The steam 
cannot pass to either end of either cylinder, except through the 
slide valves in the pistons, in the manner described above. 

The arrows in the figures show the direction of the steam in 
the position illustrated. 

The steam ports are taken into the cylinders at a little distance 
from their ends in order to provide cushioning for the pistons ; 
a certain quantity of exhaust steam is thus shut in the cylinder 
at the end of each stroke. There is a small supplementary steam 
port, passing from the end of the main port to the extreme end 
of the cylinder, whose function is to admit steam at the begin- 
ning of the strokes. When the main port in the slide face is 
covered, the exhaust steam is prevented from escaping through 
these supplementary ports, by the small non-return valves fitted 
to them. 

In Fig. 2 the slide valves at one end of the piston are shown 
in full lines, and in dotted lines for the other end. There are 
small starting ports in the middle of the length of the cylinders 
and pistons, not shown in the figures. If the pump happens to 
stop with both pistons near the middle of the stroke these start- 
ing ports are brought into use ; they are essential in such a case, 
because either piston can travel a certain distance about the 
middle of its stroke without affecting the steam distribution. 

Upkeep. — The cylinders and pistons must be kept well oiled ; 
wipers should be attached to the rods. The pistons are removed 
for inspection by taking ofi* both cylinder and pump covers ; the 
steam pistons are then punhed home to the stuffing-box end; 
the nuts of the plunger rods are taken ofi*, and the pins and 
clutches on the rods are driven out. The pistons and rods can 
now be drawn right out of the cylinders. When the pistons are 
replaced they must be entered carefully on the guide studs fixed 
to the front covers. 

The Belleville Peed Pump. — This pump is of the direct- 
acting type ; the slide valve is worked by means of the tappet 
gear shown in Fig. 70. The pump is intended to suit its speed 
to the amount of opening of the self-acting feed valve on the 
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boiler ; when the latter is entirely closed the amount of leakage 
past the water piston is sufficient to allow of a slow movement 
of the pump. At such times the effort of moving the slide gear 
might be sufficient to stop the pump at the end of its stroke, 
but relief is afforded by tappet valves, which connect the pump 
cylinder to the suction side, when knocked open by the piston 
just before the slide gear is engaged. 

The travel of the slide valve increases with the piston speed — 
that is, with the violence of the blow given by the tappets. To 
prevent racing, the slide face is bevelled at its ends, so that, 
when the travel of the slide valve exceeds a certain limit, steam 
is admitted to both sides of the piston at the same time. 

A condensing ejector is fitted, which uses the exhaust steam 
from the pump to warm the water supplied thereto. A starting 
or priming injector is used to fill the suction pipe and pump 
chambers when the feed tanks are below the level of the 
pump. 

On Starting. — All the feed pumps should be warmed and moved 
as soon as there is sufficient steam for the purpose. One pump 
in each boiler-room should be started before the stop valves on 
the boilers are opened out. 

The operations for starting a pump are : — 
1) Connect the pumps to the feed tank. 

[2) Charge the suction pipe and pump by means of the priming 
injector. 

(3) Open the steam valve full bore and turn the exhaust steam 
into the auxiliary exhaust pipe. 

(4^ Warm the steam cylinder by moving the slide lever. 

(5) Shut off the priming injector when the pump is working 
regularly. 

(6) Open the delivery valve very gradually ; while the ship is 
manoBuvring, the amount of opening should be only moderate. 

When the main engines have been adjusted at the required 
speed : — 

(1) Open the delivery valve full bore. 

(2) Turn the exhaust steam into the condensing ejector and 
adjust the steam valve of the latter ; an excessive amount oi 
opening causes hammering. The condensing ejector is only 
used when the main engines are running steadily at sea. 

If the pump becomes too hot for the hand to remain upon it, 
the priming injector should be brought into use till the tem- 
perature is reduced. 

On Stopping. — Keduce the amount of opening of the delivery 
valve, and turn the exhaust steam from the condensing ejector 
into the auxiliary exhaust pipe. 
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Whenever the consumption of steam hy the main engines is 
reduced or stopped, the Belleville feed arrangements tend to run 
up the level of the water in the boilers; hence the delivery 
valve must be regulated on such occasions. 

Irregulsuities. — Racing may occur, on account of one or any of 
the following causes : — 

(a) Shortness of water in the feed tanks. 

(6) Excessive temperature of the feed -water supply. 

(c) Sudden drop of pressure in the delivery pipe, such as 
occurs when all the self-acting feed valves open simultaneously 
on the main engines being stopped. 

If the pumps race they are stopped automatically by the 
excessive travel given to the slide valves, which opens both 
ports to steam. 

To re-start the pumps under the circumstances given above : — 

(a) Shut the delivery valve and fill the tanks. 

(b) Use the priming injector, and, as a further resource, apply 
a jet of water directed from a hose on to the outside of the pump 
barrel to cool it. 

(c) Move the slide valve by hand and open the delivery valve 
gradually. 

A sudden acceleration at the beginning of each stroke may be 
due, either to an obstruction in the suction passages, the pre- 
sence of air in the pump, or to the temperature of the feed-water 
being excessive. 

Sluggishness at the end of each stroke indicates an obstruction 
in the relief nipples, or a deformation of their tappets, or exces- 
sive wear of the slide-valve working surfaces. 

If the speed is out of proportion to the delivery of the pump, 
the cause may be leaky valves or water pistons, in which case 
the pump works too freely when the delivery valve is shut. 

A deficiency in the speed of working may be due to wear of 
the slide gear or working surfaces of the slide valve. 

Actjnstments. — The pumps must be thoroughly drained when 
idle. The tanks, strainers, and condensing ejectors must be 
periodically cleared of scale and obstructions. 

To remove the pistons for examination, take off the cylinder 
covers, and, in the case of the pump piston, remove the tappet 
valve; ease the packing gland; remove the keep plate; ease 
the lock nut on the rod to be removed, and unscrew the rod ; 
remove the lock nut and withdraw the piston. 

The water pistons are packed with ebonite rings, which must 
be renewed as required ; a brass band is used to compress the 
rings in place. The water pistons are sometimes made of solid 
ebonite discs with cover plates which, when refitted, must be 
removed and replaced one at a time. 
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FEED-WATEB HEATEBS. 

The use of feed heaters is conducive to economy, and they are 
largely employed in the Merchant servica It is found also that 
they increase the life of a boiler, because the strains due to 
expansion and contraction are less when hotter feed-water is 
supplied. 

The principle of the feed heater (Fig. 72) manufactured by 
Messrs. Weir and by Messrs. Worthington is as follows: — ^The ex- 
haust steam from the auxiliary engines — or 'Uive" steam as the 
case may be— enters an annular chamber through a valve, and 
then passes through a perforated plate into the heater. The feed- 
water from the hot well is forced by a pump through a valve 
and is sprayed into the heater. This spray thoroughly mixes 
with the steam entering through the perforated plate and 
absorbs the heat of the steam. The feed-water and condensed 
steam fall to the bottom of the heater and lift a float, which 
admits steam to a second pump. The latter forces the heated 
water into the boiler. The feed- water can thus be raised in 
temperature by a considerable amount. The automatic regu- 
lating gear is so arranged that there is no external gland to be 
packed, and consequently less danger of the valve sticking. The 
steam admission valve to the heater is of special constraction. 
It closes automatically by gravity, and is fitted with a dash pot 
to prevent slamming. This valve prevents water from entering 
the supply pipe should the heater become filled with water. 

As an example of the saving to be effected, suppose an engine 
of 10,000 LH.P. to be using 15 lbs. of steam per H.P. hour. If 
the feed heater usins: exhaust steam raise the temperature of the 
feed -water from 120" to 210* F., the saving per hour will be 
13,500,000 B.T.U. Then if 1 lb. of coal be valued at 11,000 
B.T.U., the saving is 1230 lbs. of coal per hour. 

The heater should always be placed at a considerable height 
above the pumps, and if it is desired to heat the feed- water as 
much as possible the height should not be less than 20 ft., in 
order to prevent the possibility of the pumps becoming filled 
with vapour. 

Where exhaust steam is not available considerable economy 
is obtained by taking steam from the intermediate or low-pressuie 
receivers, because although the work which would be done by 
the further expansion of such steam is lost, yet this loss is 
inconsiderable compared to the heat imparted to the feed-water 
by the condensation of the steam abstracted. 

Surface -condensing Feed Heaters Feed heaters which re- 
semble surface condensers in their construction and action are 
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made by some engineers. The exhaust steam and the feed-water 
are not mixed, hence there is less risk of oil being carried to 
the boilers, because the condensed exhaust steam can be filtered 
after leaving the feed heater. 

AUTOMATIC FEED-WATEB BEGUIiATOBS. 

These fittings have become important; they are especially 
useful in the case of a battery formed of numerous water-tube 
boilers as fitted in the stokeholds of some recent warships, and 
they have contributed to a more uniform distribution of feed- 
water than was obtainable by hand regulation alone. 

There are at least two separate types of this apparatus : — 

(a) The regulator may directly control the amount of water 
admitted to the boiler, and is therefore distributive in its 
action. One of the earliest examples of this kind was patented 
by Messrs. Thomycroft, and is described later, as is also the 
one designed by Messrs. Laird. The regulator used on the Belle- 
ville boiler is also of this type. 

(b) The regulator may be fitted to control the supply of steam 
to the feed pump, and so adjusts the quantity of water delivered 
by the latter. If the pump supplies more than one boiler, the 
steam valve is actuated by a fioat placed in the feed tank, as in 
the arrangements fitted by Messrs. Weir, and other makers, in 
many merchant vessels. If each boiler is supplied by a separate 
pump the float is contained in the boiler, as in the arrangement 
known as Reed's and described later. 

Attention Required. — Feed -water regulators should not be 
regarded as entirely automatic in their action. Experience 
shows that care and attention are required by them, and the 
working parts must be kept scrupulously clean. When in use 
the apparatus should be frequently examined, and tested by 
hand to ensure that it moves freely. 

Thomyoroft's Feed -water Begulator. — This apparatus 
consists of a vessel floating on the water in the boiler. The 
float is attached to one end of a lever, pivotted on an axis which 
can be raised or lowered from the outside of the boiler ; to the 
other end of the lever a balance weight is fixed. A rod is 
attached to the lever at a point near the axis, and actuates 
a small double-beat valve, which regulates the quantity of water 
admitted to the boiler. This valve is contained in the boiler 
and cannot be tested by hand. The axis of the lever can be so 
adjusted as to maintain the water level in the boiler at a height 
which can be varied over a certain range. 

Laird's Feed- water Begulator. — This apparatus is similar 
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in principle to that of Messrs. Thornycroft^ but the valve is of 
the piston type and is actuated by the float in such a manner 
as to increase or decrease the area of certain slots in the valve 
casing, through which the water flows into the boiler. The 
valve casing is mounted outside the boiler, and the valve spindle 
is prolonged through a gland, so that the freedom of the valve 
can be tested by hand. With this arrangement the water line 
is at a fixed level, and cannot be adjusted as in the Thornycrofb 
pattern. 

Mumford & Anthony's regulator is similar to Thornycrofb's 
in principle. The float is fitted in a separate chamber communi- 
cating with the water and steam space of the boiler by levelling 
pipes. The valve motion is enclosed in the chamber, and an 
outside spindle and wheel are fitted to enable the water level 
to be adjusted. 

Beed'8 patent automatio regulator (Fig. 71) consists of a 
rocking lever, to one end of which is attached a lead weight of 

about 4 lbs. The rocking lever 
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Fig. 71.— Reed's Regulator. 



is pivotted, in or about the 
centre of its length; and the 
float is attached to the other 
end of the lever. The lever 
actuates a steam valve, which 
regulates the supply of steam 
to the feed pump of the boiler 
in question. It will be seen 
that, when the water level rises 
in the boiler, the float will rise, 
and, by drawing the valve 
down, will reduce the supply 
of steam to the pump; on the 
other hand, if the water level 
is low the float will lift the 
counterbalance weight, and 
raise the steam valve so that 
more steam is supplied. The 



lower part of the equilibrium valve is made -^ in. less in diameter 
than the upper seating. A small bye-pass, or direct supply, 
steam pipe of about ^ in. in diameter is fitted to each pump 
to prevent it coming to rest. With this arrangement each 
boiler must be supplied with feed-water by a separate feed pump. 
Weir's Feed Heater and Automatic Regulating Gtoar.— 
This apparatus is shown in section (Fig. 72). The feed heatei 
is similar in its action to the common jet condenser. The cold 
feed- water passes through the spring-loaded valve on the cover 
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falls to the bottom of the heater, in which is placed a round 
galvanised iron float, with watertight bottom and sides, but 
open on the top. 

This float is suspended on two levers, so as to move up and 
down with a parallel motion; the top lever axle is carried 
through the door at one end, and is balanced by a lever and 
weights The float is always full of water, and the weight is 
adjusted to balance when one-half is immersed in the water. 
To the weight lever another lever is attached, which actuates 
the throttle valve and controls the supply of steam to the feed 
pumps. When the water in the heater rises, the float is raised, 
and the throttle valve opened; and when the water level is 
lowered the float follows, and the valve is closed. The level of 
the water is thus kept constant in the heater, and the pumps 
are completely flUed with water. 

The lead of the steam is so arranged that the pressure tends 
to keep the regulating cock tight, although it may have worn 
slack in its shell. The cock is fitted with a parallel key, the 
shoulder of which is pressed against the bottom of the stuffing- 
box and tends to keep the gland slack. 

The feed heater should be opened out and cleaned about once 
a twelvemonth. 

The regulating cock should be opened out and the parts 
washed with paraffin about once a month, when first fitted and 
until the pipes become cleared. 

The float in the heater must always work quite freely ; it is 
designed to balance the weight on the lever, when full of water 
and immersed one-half. On the easy working of the float and 
regulating valve depends the regular automatic action of the 
pump. 

Yarrow's Automatio Feed Apparatus. — This system is 
free from all moving parts. The feed water is supplied to a 
boiler by means of a pump specially allotted to that boiler. The 
steam for working the pump is not taken, as usual, from the 
upper part of the boiler, but from near the water level. When 
the water level rises, instead of steam passing into the cylinder 
of the feed pump, water passes into it and materially reduces 
the speed of the pump. When, on the other hand, the water 
level falls^ team passes to the cylinder of the pump, and the 
latter starts work mor^. rapidly, until the proper water level is 
reached. There is a means of raising and lowering the open 
end of the pipe taking steam to the pump, which can thus be 
adjusted with respect to the water level. This apparatus has 
been fitted in some destroyers built by Messrs. Yarrow for 
foreign powers. 
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CHAPTER XIII. 

EVAPORATORS. 

Evaporators are fitted to supply the make-up fresh feed-water 
necessitated by the leakage of steam and water through the 
joints and glands of a condensing steam engine. In H.M. Navy 
they are also used to supply the distilling condensers which 
replenish the drinking water tanks ; in passenger ships a suffi- 
cient quantity of drinking water is generally stored, so that the 
evaporators are not required for that purpose. ^ 

An evaporator may be described as a boiler heated by steam 
coils ; its principal requirement is that the scale deposited from 
the salt water feed may be easily removed. This scale is 
deposited on the shell of the evaporator and on the steam 
heating coils ; the latter should be so shaped that most of the 
scale may be cracked off by the change of shape, caused by the 
contraction and subsequent expansion of the coils, which occurs 
when the evaporator is blown out. 

The operation of blowing out the evaporator should be carried 
out once in each watch, if the evaporator is in constant use, to 
ensure the continued efficiency of the heating surface. Experi- 
ments quoted by Mr. Morison* showed that the output of a 
certain evaporator, with volute steam coils, gradually decreased 
from 32 gallons to 4 gallons an hour in the course of forty-eight 
hours. At the end of this period the scale was cracked off 
by sudden expansion, when the output immediately rose to 
17 gallons an hour. Further experiments gave a similar result. 
Mr. Morison estimates the loss of feed-water by leakage at about 
8 tons per 1000 I.H.P. in twenty-four hours for a good passenger 
boat; and about 10 tons per 1000 I.H.P. in twenty-four hours 
for a cargo boat. The amount of leakage will vary with the 
care bestowed on the tightness of the joints and glands of the 
engine ; and it is assumed that less attention can generally be 
bestowed in the case of the cargo boat. The committee appointed 
to report on naval boilers estimates the loss in H.M. vessels at 
about 6 tons per 1000 I.H.P. in the twenty-four hours, reckoned 
on the full power of the engines. 

In addition to the above quantities, about 12 tons a day is 
required for the use of a battleship carrying a crew of 500 men. 

* Liverpool Engineering Society, and Engineering, April, 1895. 

16 
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The principal points in the care and working of evaporators 

are:— 

(1) To preTont primiDg. (General experience shows that the 
water level should be rather below the upper surface of the 
steam coils, so that the bubbles of water thrown off the surface 
with the steam shall be evaporated by the upper exposed heating 
surface. The proper determination and regular maintenance of 
the water level are most essential. 

(2) To supply sufficient feed- water so that the density may be 
kept down by continuous brining. The density of the water in 
the evaporator should be from 25' to 30**, reckoning sea water 
as 10". If the supply of feed- water is insufficient, the amount 
of the brining must be checked to preserve the water level, and 
in such a case the density will be high, scale will rapidly accu- 
mulate and put the evaporator out of action. If, on the other 
hand, the brining is excessive the evaporator will require an 
extravagant expenditure of coal, on account of the amount of 
hot' water discharged through the brine valve; the working 
density is then too low. 

N,B, — Quantity of water to be blown out to maintain a certain 
density : — 

Let ti be the density as compared with that of sea water taken 
as unity. 

Let X = quantity of water blown out of evaporator, 
y = „ „ evaporated. 

Then, assuming the density of the evaporator remains con- 
stant, and neglecting the salts deposited, we have 

nx = a; + y. 
Thus if 

n = 1, the water to be blown out must be equal to the water supplied. 
n = i, „ „ „ i of the „ 

** — 2, ,, ,, „ 5 „ „ 

W = 3, ,, ,, „ T |» >9 

(3) On starting the evaporator the water made should not be 
discharged to the reserve tanks until it is ascertained to be 
fresh ; this is best effected by frequently tasting the discharge 
from the distiller. The secondary steam valve should be opened 
out slowly on starting. 

(4) Continuous brining is advisable ; the density is thus kept 
low and constant and the amount of scale deposited is reduced, 
so that the interval, after which the evaporator must be opened 
out for cleaning, is lengthened. A convenient method of brining 
is by means of a small suction pipe led from the brine valve 
(which should be of the non -return type) to the bilge pump. 
A small quantity of dense water is thus withdrawn at every 
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stroke of the pump. If such a connection is not available, the 
brine is simply blown overboard through one of the numerous 
discharge valves in the engine-room ; as the amount of opening 
required at the brine valve is very small when the discharge is 
continuous, it is necessary to clear it by occasionally opening 

2TBAM OUTLCr 

Valve 




Fig. 73.— Weir's Evaporator (Old Type). 

the valve wide for a short time. The bottom blow-out should 
be led direct to the sea, to secure cold water for the purpose 
of cracking-off the scale by expansion and contraction. 

(5) The amount of steam supplied to the heating coils must 
be adjusted according to the amount of water evaporated, in 
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such a manner that the pressure of the secondary steam is con- 
stant. The best pressure to maintain depends on the particular 




type of evaporator. The drain from the steam coil should 
discharge hot water only ; the amount of opening must be 
determined by experience. 



fiVAPORAtORS. ' 245 

(6) The evaporator must be completely blown out at least 
once a watch to crack off the scale ; it must be opened out and 
the coils removed for the purpose of chipping off and removing 
all scale after the evaporator has been in use for a certain 
period. 

The method of blowing out is as follows : — Shut the outlet 
steam valve and open the bottom blow-out cock or valve. When 
the water is completely blown out, shut the inlet steam valve to 
the coils. The evaporator is then run up from the sea, through 
the blow-out valve, or pumped up, by means of the feed pump, 
to a level such that the steam coils are covered. In the latter 
case the blow-out valve is closed. When the water level is 
restored steam is again admitted to the coils, which are thus 
suddenly heated, and the scale upon them is caused to crack off. 
The water can then be blown down to the proper level and the 
various steam and brine valves can be adjusted to working 
conditions. The whole operation can be effected in from five to 
ten minutes. 

The old type of Weir's Evaporator, of which there are many 
still doing good service, consists of a cylindrical steel shell, in 
which the neating surface is composed of a series of U-shaped, 
solid drawn copper tubes, expanded into a cast-iron tube plate 
jointed on the lower portion of the front of the shell. The tube 
plate and group of tubes are withdrawn together for cleaning 
purposes ; sufficient space must be provided in front of the 
evaporator for this operation. If a manhole is provided in the 
back plate, opposite the end of the tubes, it will be found to 
greatly facilitate the operations of removing and replacing them. 
A manhole is generally provided in the front plate, and in cases 
when it is not convenient to withdraw the tubes for cleaning 
and chipping a large portion of the scale can be shaken off by 
means of a hammer inserted through the manhole and applied 
over as much of the length of the tubes as can be reached. 

If the evaporator is blown doM^n once a watch it will not be 
necessary to draw the tubes more than once a fortnight. It will 
be found very advantageous to carry a spare set of tubes for 
each evaporator, so that one set can be cleaned, at leisure, whilst 
the second group is in use. 

The time required to change the tubes and clean out the 
evaporator is about six to eight hours. After the steam coil 
has been removed, all the loose scale should be removed from 
the bottom of the evaporator ; the bottom blow-out valve, the 
brine cock, and the pipes attached should be removed, if possible, 
and thoroughly cleared of the scale which tends to accumulate 
and choke them. The coating deposited on the internal surfaces 
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element, B, which has free ends whereby the condensed steam 
returns to the bottom end of the steam inlet and is drained to 
the condenser through the pipe, C, a solid web of metal being 
cast in the pocket to isolate the drain from the inlet steam. The 
gunmetal door is arranged to hinge back to permit the tube 
elements being withdrawn, as described on page 249. Immedi- 
ately over the tubes are arranged the diaphragm, G, and the 
cowl, F, by which the steam is separated from any entrained 
water, thus preventing any priming. Any water carried up 
with the steam is returned to the generating chamber by the 
return pipe, H. The diaphragm is held in place by screw pins, 
and it is advisable to remove this every twelve months to note 
the condition of the steel dome. 

Fig. 75 shows the most recent design of low-pressure evapora- 
tor, as fitted in the five battleships of the " King Edward VII." 
class and in the six cruisers of the '* Antrim " class. 

Description of Feeding and Brine Arrangements. — With 
evaporators using low-pressure steam in the coils and thus 
requiring to be worked with a vacuum in the shell, the main 
problem to solve is to secure a reliable automatic means of 
withdrawing the brine. With the old high-pressure type of 
evaporator, the steam pressure in the shell was always sufficient 
to blow the brine direct into the sea, but in the low-pressure 
type the brine requires to be pitmped out. This problem 
Messrs. Weir have solved by the introduction of a combination 
feed and brine pump working in conjunction with a vessel for 
diluting and cooling the brine, together with an adjustable 
means for varying the brine density. 

Automatic Feed and Brine Pump.— The steam end of this 
pump is similar to the usual " Weir " type of steam end. The 
water end, however, is distinctly difierent, and is shown in 
section on Fig. 76. As will be seen, the pump end embraces 
two separate and distinct simple plunger pumps, A and £, each 
having its own suction and discharge valves. The top end. A, 
forms the feed pump, the bottom end, £, the brine pump, and 
the feed pump is generally twice the capacity of the brine pump 
— i,e., if there were no diluting water the feed pump would put 
in twice the quantity the brine pump would take out, and this 
proportion would exist irrespective of the speed of the pump. 
In the latest pattern, the gun-metal valves are mitre-faced, and 
are arranged in groups, in separate valve-boxes, to facilitate 
examination. 

The automatic supply of diluting water is arranged as fol- 
lows : — On the discharge side of the feed pump is fitted a valve, 
C, positively opened by the gear, D, which is driven from the 
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Instrnctions for Working Weir Low-pressure Evaporators. — 

Before starting the evaporator, see that the combination feed 
and brine pump is in good order, and that the brine index is 
correctly adjusted. 

Then start the pump, and fill up the evaporator till the feed 
regulator puts a pressure on the discharge, as shown on the 
gauge. The proper working level is about 6 inches in the glass. 
Now open the coil drain valve the amount which has been 
found correct on the tests and on experience (nearly fully open). 
Next admit steam to the coils slowly, and allow the shell 
pressure to rise to about 2 lbs., then gradually open out the 
vapour outlet valve. Under ordinary conditions the production 
will be obtained with about 6 lbs. in the coils and 9 inches 
vacuum in the shell, or if no vacuum is obtainable, then 16 lbs. 
in the coils and 1 to 2 lbs. in the shell. The vacuum control 
valve is always adjusted so that the maximum vacuum obtain- 
able in the shell will not exceed 15 inches. With these connec- 
tions adjusted, the gear is in working order, and it is only 
necessary now to see that too much steam has not been turned 
on the pump, which will be shown by the sentinel valve on the 
discharge opening. Beyond this, the gear is quite automatic. 
The density should always be tried occasionally to see that the 
brine gear is in order, and that no leakage is taking place. If 
the evaporators are working continuously, they should be blown 
down every twelve hours; this operation is carried out as follows : 
— Shut the vapour outlet valve and allow the pressure to rise in 
the shell to about 12 lbs. Then quickly open blow-off to sea. 
When the water has been entirely blown out (which will be 
done rapidly), close the inlet steam valve. The cold feed 
entering from the pump will then condense the steam and hence 
create a vacuum in the shell, causing the sea water to be drawn 
in rapidly through the bottom blow-off. On the appearance of 
the water in the glass, the blow-off should be shut. Then set 
the inlet and outlet valves, and the gear will again be in working 
order. The expansion due to the sudden heating and cooling 
of the apparatus will loosen the scale formed. 

In shutting off an evaporator, always close the outlet steam 
before the inlet. As the tubes become dirty, the openings of 
the inlet steam and coil drain valves will require to be slightly 
increased to maintain the production. 

Instructions for Gleaning and Overhauling Weir Evaporators. — 
Take off all the nuts on the door, with the exception of one on 
the side opposite the hinges; leave this nut a few threads on the 
stud, next screw in the starting pins until the hinge pin is far 
enough back in the slot to permit of the smaller taper pins being 



- ■• ••*•*''*:■*;•■ ■j^MMI guided on to the 
HsBoaMiy a small bar fixed 
M 'SSJ^^b^'^t ''^^ taper )>ins 
' **" IP^^' '"'*' ''''* door is 
ipntoitBplace. Scale 
\t lying in the cham- 
^ _ r bo removed by the 
_ <ffti9gdooron thebottom, 
'■"— ""^"e CEBes on the side. 



?^»|d 



ivS^ taking the tubes 
j,'JJftani may be turned 






mwi 



_ and cold water 

aftSL^Soo their outside Bor- 
^^flLHn this way the scale 
■ifVljp^ed, and to a great 
' JB«40>>racked o£F. 
tS^^S^ putting the tubes 

f*^Cto place, it is always 
B^le, before the door is 
^«i|&OQ, to turn steam on 
E^COSE'Band test the joints. 
^m^ Distilling Condenser. 
I •S^li^^istiller coDsists sira- 
k-Sr'e^'"' '^'''''nary surface 
r'S^(!lB*8er placed vertically 
#tPi*g!aving the steam ad- 
^U^VkS* through the centre 
%p 1% u pper tube plate 
!**^ the tubes. Fig. 77 
a^i^ihe general construe- 
, (ga^l^the gear, the portion, 
h*3^S^'Ae tube aur&ce acting 
l**<&^^^<^ondenser, while the 
E't^ft!^, B, acta as the cooler, 
i^^H^ndensed water pump 
£.«is!G^, C, being arranged 
iHl^'^table level to ensure 
, I^iiSittom portion of the 

„ - „ „_ „ _K^gi.«^g»serbeingaIwaysfilled 

IsaSIiJIiiJ^rtBjgwS-j^ita^ater. The air cock, 

B-:-S:^.:»:-iir'4jj'Ji.^,fitted between the 

s£|1^{)i/lB6e kept slightly open, 

" ^ii^iieient through being 






•■»■■»" 



EVAPORATORS. 251 

air-locked. The tubes are of solid drawn brass and are tinned on 
both sides, and then expanded into the tube plates. They are 
hydraulic tested, and the ends and tube plates re-tinned all over 
the surface of the tube plate. The packing gland, L, prevents 
any breakage being caused by expansion, and only in the case of 
a defective tube should the distiller require overhauling. In 
fact, the spare set of distiller tubes should rarely require to be 
used, as, if a few tubes give out from any cause, they may be 
plugged without causing any serious drop in the efficiency of the 
machine. Any description of soft packing is suitable for the 
stuffing-box ends. Oare must be taken in rejointing the cover 
plates, M and Mj, that the joint is properly cut and properly in 
its place. Care must also be taken that when steam is turned 
on to the condenser it is done gradually, as a sudden opening of 
the steam inlet valve will cause water to be blown out at the 
top of the overflow pipe, H, and thus cause inconvenience. A 
small test cock, K, is generally fitted for testing the temperature 
and quality of the water produced by the distiller. 

Caird & Bayner*s Evaporator (Fig. 78). — In this arrange- 
ment the steam coils are of helical form, which gives them great 
elasticity; when subjected to variations of temperature and 
pressure they alter their shape in the same manner as the tube 
of a Bourdon gauge. This action causes most of the scale 
deposited on the coils to be thrown ofiP, and secures a more con- 
tinued efficiency of the evaporator. The tubes are secured to 
the steam chest by coned nipples and union nuts. The door, to 
which all the coils are attached, is easily removed, its weight 
being carried by means of a strongback fitted on the top cover. 
The steam joint for the door is a comparatively small one, so 
that the operation of removing the tubes and cleaning out the 
shell is much simplified; the necessary time required varies 
from four hours to one hour, according to the size of the 
evaporator. 

The evaporator should be completely blown out once a watch, 
when in use. 

In order to reduce the necessary heat of evaporation, this 
arrangement is designed to work at a vacuum of about 5 to 15 
inches. The brine water must then be withdrawn by means of 
a suction pipe led to a convenient pump. It may be found that 
this evaporator has a tendency to prime wheiT worked at a low 
vacuum; at a pressure of 5 lbs. above the atmosphere it is 
absolutely reliable and requires very little attention. The 
proper working level for the water is at the top of the heating 
surface; before starting, it should be run several inches lower to 
allow for an automatic rise, which tends to produce priming. 
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compreBsion ; but the necessary fittings for water injection are 
provided. 

Compressors of this pattern have been supplied to all classes 
of modern vessels in H.M. Navy. 

Instnictions for Testing (see Fig. 89). — Remove the non-return 
valve and relief valve on the air outlet, and connect to the water- 
testing pump. €hkg the relief valves on first, second, and third 
intercoolers. Open the drain cock on the first intercooler. 
Remove valve A, one valve B, valves 0, D, E, and F, and their 
covers, also valve H. Remove the crosshead ; the thrust of the 
plungers is then taken by the pump itself, and not by the 
working parts of the engine. 

(1) Pump to 4000 lbs. per square inch, testing the fourth 
cooling coil, high-pressure barrel and plunger, and valve G. 
N,B, — The high-pressure ram will be forced in. 

(2) Release the pressure, remove the valve G. Insert valve £. 
Pump to 2500 lbs. per square inch, testing the third cooler coil, 
high-pressure cover, and valve E. N.B, — The high-pressure ram 
will be forced out. 

(3) Release the pressure, remove the valve E. Insert valve 0. 
Pump to 1000 lbs. per square inch, testing the second cooler coil, 
low-pressure barrel and plunger, and valve 0. N,B. — The low- 
pressure ram will be forced out. 

(4) Release the pressure, remove the valve C. Insert valve B. 
Pump to 500 lbs. per square inch, testing the first cooler coil, 
connecting pipes, and valves B. 

(5) Release the pressure, remove one valve B. Insert valve A. 
Pump to 150 lbs. per square inch, testing the low-pressure 
cover and valve A. 

Packings. — Leather packings, cut from flat sheets and not 
pressed or moulded, are used. The flat sheet should be pared 
and planished to the required thickness; it should then be nailed 
on a wooden block, which is placed in a lathe, and the disc cut 
out by a knife tool to the bronze template provided. The high- 
pressure plunger leathers are soaked in warm water for a few 
minutes to render them pliable; they are then placed on a cone 
tool, whence they are transferred over the plunger head, and ar^ 
closed into their proper grooves by a sleeve tool. 

To Draw the Large Plunger for Examination. — Remove the 
top cover, unscrew the nut of the connecting link under the 
crosshead, put the engine on the top centre, screw eyebolts in 
the plunger top, and lifb with tackle. 

To Draw the Small Plungers. — Unscrew the high-pressure 
cover and the nut at the bottom of the plunger stem; put ther 
engine on the top centre^ and lifb the plunger out by hand* 
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and contraction are not so great as occurs in spiral coils, and 
more attention is required to get rid of the scale. The steam 
joint, which has to be broken to obtain access to the heating 
tubes, is large and requires care to make it tight. An automatic 
float is fitted to regulate the feed supply. If it is found difficult 
to keep the density of the evaporator low enough, the feed-pump 
plunger and valves should be overhauled; if the difficulty con- 
tinues, the opening under the float box should be enlarged, or 
an additional supply should be furnished to the feed pump from 
any convenient source. 

Steam Connections. — The primary steam supplied to the heat- 
ing coils of an evaporator may be led from the main steam pipe, 
or from a main cylinder receiver, according to the designed 
pressure and to the need of securing economy of coal. The 
secondary steam may be led to the low-pressure receiver of a 
compound engine when the additional water is only required for 
make-up feed; or, as an alternative, it may be led direct to the 
main or auxiliary condenser, as is usual in H.M. vessels. The 
secondary steam should not be led to the auxiliary exhaust pipe, 
the pressure in which varies considerably, especially in small 
vessels of high power; the variation of pressure causes irregular 
evaporation and may produce priming; moreover, the pressure 
is frequently so considerable as to exceed the load on the safety 
valves of the evaporator. In some new vessels the evaporator 
coils are supplied with steam from the auxiliary exhaust pipe, 
the evaporator being worked at a low pressure. If the water 
made is required for drinking purposes, the secondary steam is 
condensed and filtered before passing to the proper tanks. The 
condensers fitted for this latter purpose are cooled by sea water, 
which should be supplied in sufficient quantity, the temperature 
of the discharge being adjusted at about 100° F. A slight scale 
is formed on the tubes of these condensers, which should there- 
fore be opened out and cleaned about once in six months. 

Evaporators are sometimes arranged for double effect; that is, 
the secondary steam discharged by one serves as the primary 
steam in the heating coils of the other. The drain water from 
the first is discharged to the feed tank or auxiliary condenser, 
whilst that from the second can be passed through the filter to 
the drinking tanks. The object of this arrangement is to obtain 
the maximum amount of water per lb. of coal used, rather than 
per lb. of the weight of the distilling plant; as much as 20 lbs. 
of gained water can be obtained per lb. of coal. 

Jr. 5. — The precautions taken to prevent corrosion in boilers, 
whilst out of use, may be usefully applied for the preservation 
of evaporators made of steel plates. 
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CHAPTER XIV. 
STEAM-BOATS. 

Haohinery of Steam-boats.* — The engines of the steam-boats 
carried by a ship are usually of the vertical, inverted-cylinder, 
direct-acting type, and are compound, with two cylinders. The 
larger boats have a tubular condenser, the smaller an outside 
copper pipe which, being immersed in the sea water, serves the 
same purpose. 

These engines, being in all respects similar in design to the 
propelling engines of the ship, require the same care for their 
upkeep and management under way (see Art. 695, et seq,, Steam 
Manual). Very little oil is used for internal lubrication, and 
then at high speeds only; mineral oil alone is used for this 
purpose. 

The air pumps require a frequent overhaul to clean the valves 
and chambers from greasy matter. The adjustments of the 
engines should not be left to the leading stoker of the boat, 
but should be carried out by a skilled mechanic under the 
engineer's direction; on all such occasions the piston clearances 
should be ascertained. When not in use the engines must 
be frequently oiled; they should be turned every day to prevent 
them rusting. A cover should be provided to protect them 
from the weather. 

The boilers are generally of either cylindrical, locomotive, or 
water-tube type. 

The water-tube type is specially suitable for steam-boats on 
account of the ease with which quick changes in the rate of 
steaming can be made, and also because of the short time 
needed to raise steam. The commonest minor defects developed 
in the water- tube boilers consist of: — (1) Buckling and burning 
of the casings, which are made of very light plating, lined with 
asbestos meal or millboard ; (2) crumbling of the brickwork of 
the furnaces — this brickwork, on breaking away, exposes the 

* See Arts. 491 to 494 and 695 to 697, SM* 



STEAM-BOATS, 255 

casing plates to the flames. It is essential that the feed-water 
should be as pure as possible ; any salt, grease, or other impuri- 
ties in the feed-water are liable to choke the tubes and cause 
overheating and burning of the tubes. There is always a 
tendency to corrosion in the upper and lower drums, which 
must be checked by zinc and proper methods of preservation. 
External corrosion of the tubes at the junction with the lower 
tube plate may result from an accumulation of damp soot ; this 
part being rather difficult of access, special means should be 
devised to remove all deposits. 

Cylindrical boilers are liable to external corrosion of the 
bottom plates, due to the action of bilge- water and the copper 
lining of the bilges. If the tubes are leaky the tube plates will 
suffer, particularly the back tube plate. If the boiler is allowed 
to run short of water, the crowns of the fire-box will be found 
buckled. This defect is often met with. 

Locomotive boilers, in addition to the above-mentioned defects, 
are liable to damage at the foundation of the fire-box ; the water 
spaces at this part are very cramped and difficult to clean, and 
an accumulation of greasy deposit may cause the stayheads to 
be burnt off and the plate to be cracked between the stay-holes, 
or the corner joints of the foundation rings may be cracked and 
leaky. The Admiralty direct (Art. 696, S,M.) that great care 
should be taken to prevent an accumulation of deposit in the 
boilers, and disinfecting powder is to be used at intervals. 
The boiler is to be filled to working height, and 1 lb. of dis- 
infecting powder to every 2 or 3 gallons of water contained 
is to be added. The boiler is to be kept simmering from four 
to six hours and then blown out at 5 lbs. pressure. When 
cold, the boiler is to be washed out with a powerful jet 
of water. 

Air Supply. — ^The boiler is run under a system of forced 
draught, the air being supplied to the closed stokehold by an 
independent fan in the larger boats, or to a closed ashpit by 
a fan driven by a belt from the main engines in the smaller 
steam pinnaces and cutters; in the latter case a damper is 
fitted in the air pipe from the fan, which is closed when it 
is necessary to open the furnace door. 

The feed check valves on the boiler are liable to stick on 
their seatings; should this occur, cold water should be thrown 
over the valve box, and the latter should be tapped with a 
hammer. 

The main feed pumps are driven by the main engines; if they 
do not act well, the feed tank will overflow and betray them. 
An auxiliary feed pump is fitted independently of the main 
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single compressor is designed to pump up a reservoir, containing 
10 cubic feet of air, to a pressure of 1700 lbs. per sq. in. in 
seventy minutes, and the double and triple compressors a pro- 
portionately greater amount. 

Instrnctions for Care and Maintenance. — To disconnect, open 
the separator drain, and shut the air-outlet valves; shut the 
circulating water suction and delivery cocks, and open the drain 
cock on the tank. Unscrew the union nuts, S and T, and swing 
the pipe bends clear. Place the engine on the bottom centre, 
slack back the set screw, Y, on the connecting nut, Y, and 
unscrew the nut. Take off the four nuts from the pump-barrel 
studs, and unscrew the stuffing-box, E. The top of the pump 
can now be removed and the high-pressure leather be examined 
or replaced ; the pump-rod can also be withdrawn by hand 

and the leather, O, examined. The inlet 
valve, 0, is examined by unscrewing the 
nut, F. All valve nuts are secured by set 
screws, and care must be taken that they 
are removed and replaced. To examine the 
high-pressure inlet valve, G, disconnect the 
pipes, S and T ; unscrew the connecting nut, 
H; lift off the high-pressure barrel; take 
off the cap nut, I, and take the nut off the 
valve, G, which can then be removed. The 
high-pressure discharge valve, P, can be 
examined by removing the cap nut, J. To 
Fig. 92.-— Press for examine the low-pressure discharge valve, L, 
Leathers. disconnect the nuts on the pipe, M. Great 

care must be taken not to scratch the work- 
ing surfaces, as any roughness causes rapid wear of the leathers. 
After an examination see that all air joints are tightly screwed 
up, and turn the engine by hand to ensure that everything is 
clear before starting. This is especially necessary if any of the 
spare gear has been fitted, as all clearances are designedly 
small. 

The packing in the glands must be kept soft and in good 
condition, to prevent the escape of air and fresh water. 

Leathers, before being fitted, should be softened in lukewarm 
water. The discs are cut out of hide about ^^ in. thick. The 
flesh side of all leathers should be used as the working surface. 
Good hydraulic leather requires to be soaked several hours 
before being pressed in the moulds. As to cutting the leathers, 
see the notes under Hydraulic Machinery. 

(All joints subject to air pressure are made with copper 
rings.) 

19 
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To make the small plunger leather, first press the leather into 
the mould with the plug, A (Fig. 92); cut the edge off flush 
with the mould, D; place the ring, B, over the plug. A, and 
screw down, thereby pressing the leather into the corner of the 
mould, D. The leather hide should be planished and rolled 
before pressing it. 

Instructions for Working. — Before starting, examine all fasten- 
ings and fill the lubricators. Open the separator drain and stop 
valyes, circulating water cocks and the cylinder drain cocks. 
Immediately on starting the engine, pour fresh water into each 
of the pumps until it appears at the separator drain. The 
supply required to fill up when the columns are empty is about 
4 J pints of water and two tablespoonsful of sperm oil, per pump ; 
it is put in by removing the wire gauze. The small water- 
service valve should supply a stream about -^ in. in diameter 
past the sight hole at A. Too much oil will cause a soap to be 
formed and will clog the valves. 

The supply of circulating water should be regulated so as to 
keep the pipe, Q, at blood heat. The temperature of the pipe, 
S, will be much higher. 

The action of the inlet valve is important in its effect on the 
efficiency of the pump ; the clear beat of these, when working 
well, will be easily recognised after a little experience. Any 
defect in the leathers of the low-pressure piston, or in tlie valve 
facing, is made manifest by an excessive leakage of air on the 
downward stroke of the pump. 

The efficiency of the leathers in the high-pressure plunger, and 
in the pump generally, can be tested by closing the outlet valve 
to the air reservoir, whereupon the pressure in the separator 
column should rise to 1400 lbs. in about 65 revolutions. 

When the engine is stopped the separator drain must be 
opened immediately, otherwise the fresh water will be forced 
back into the pump and will cause considerable trouble on 
restarting. 

Belliss Four -stage Air-oompressor. — With the advent 
of higher pressures in connection with torpedo air service, the 
compressors now supplied (1905) are of the four-stage double- 
acting type, either steam- or electrically-driven, and fitted with 
the well-known system of forced lubrication to the engine and 
motion parts. 

In the steam-driven sets the compressing pumps are placed 
above the steam cylinders of the engine, and worked directly 
from the prolongation of the piston-rods. In the electrically- 
driven sets the compressing pumps are driven direct by a 
suitable motor through a crank-shaft and connecting-rods. 
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The air is compressed in four stages up to a pressure of 
2500 ]bs, per square inch. The four- stage compression greatly 
increases the efficiency of the compressor, by reason of the more 
efficient cooling of the air during compression. The air passing 
through a set of cooling pipes between each stage, and the air 
cylinders and cooling pipes being surrounded by water, which 
is kept in constant circulation by the water pump, ensures 
thorough cooling of the air before it is discharged to the 
reservoir. 

The action of the pumps will be readily understood by 
reference to Fig. 93. 

The air is drawn in, on the downward stroke, from the under 
side of the low-pressure piston trunk, through the throttle 
plates, F, and past the inlet valve, P; the action of the inlet 
valve, P, being assisted by its own momentum at the turn of 
the stroke. 

The first compression takes place above the piston and on the 
up stroke, the air being discharged past the valves, Q, through 
the first set of coils in the water-tank casing, R, where it is 
cooled before passing into the second compression cylinder 
through suitable valves, S« 

The second compression is effected on the return stroke, in 
the annular space formed by the trunk of the piston, T, the 
compressed air being discharged through a valve at U. It then 
passes through the second set of coils on its way to the third 
stage. 

The third compression takes place on the top of the high- 
pressure piston, Y, the air being sucked in on the downward 
stroke through a valve at V^ and discharged on the return 
stroke through a non-return valve at V^. 

After passing through a third set of coils, the air enters the 
final compression chamber through a suitable inlet valve at W, 
and the compressed air is discharged past the outlet valve at X 
into the final set of coils in the tank, thence through the pipe, 
Y, and onward to the separator column. 

"Whilst passing through the separator column, the oil and 
water which has been fed into the pump for the purposes of 
lubrication is separated from the air and automatically drained 
away; thus the air is delivered to the reservoirs in a dry 
condition. 

This automatic drainage is effected by means of a balanced 
float in the separator column. The air and water, on entering 
the column, are made to impinge against the inside walls of the 
float, thus effectively clearing the air of oil and water, which 
collects in the. bottom of the floaty causing it to sink and 
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operate a rotary valve. This valve opens the passage-way for 
draining purposes. 

The high-pressure air, acting on the surface of the oil and 
water, forces it up through a pipe, which is in communication 
with the bottom of the float and the chamber containing the 
rotary valve, thence through the passage-way opened by the 
valve, and away to waste. When the water has been thus 
drained away the float rises, closing the passage-way and pre- 
venting escape of air. 

A distiller is fitted to the steam-driven sets, which automatic- 
ally gives a supply of pure distilled water. The stopcock, C, is 
for regulating the supply of distilled water to the pump. 

A small quantity of oil is fed into the pumps along with the 
water supply, oil having a beneficial efiect on the leathers and 
packing. A sight-feed oil-box, D, is fitted for this purpose. 

In this four-stage type of compressor the circulating water 
does not come in contact with the working faces of the air 
cylinders, as in the two-stage pattern. The circulating-water 
pump is shown at Z. The water is lifted into and forced round 
the tank casing, through the pipe, G, into the top of the low- 
pressure cover, out at the pipe, H, and thence to the distiller. 
After circulating round the distiller coils it is discharged over- 
board or to the main drains. 

InstmctioDS for Care and Maintenance— Before Starting. — 
Examine all fastenings and fill lubricators. Open separator- 
drain and stop valves, circulating- water cock and cylinder-drain 
cocks. Blow through to warm steam cylinders. Give careful 
attention to the packing of the piston-rod glands to prevent 
the rods getting scored. 

If the engine is of the enclosed type, drain off any water 
which may have accumulated in the crank chamber. See that 
there is a sufficient quantity of oil in this chamber, and that it 
covers the strainer. The oil strainer should be cleaned. It is 
of importance that the oil should be kept clean and free from 
grit, and occasionally it should be run out of the crank chamber 
and filtered. Use Service Mineral OH only. 





Fig. 93. 
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Starting. — aS'^ that the circulcUing-water cock is full operij and 
test whether the pump is supplying water hy opening the air cock^ 
A. The supply should be sufficient to keep the fourth-stage 
outlet pipe, Y, quite cool. 

Hegulate the automatic water supply for lubricating the air 
cylinders by opening the stop cock to distiller. The pet cock, 0, 
is for further regulating the supply, and should allow of a stream 
of distilled water of about ^ inch diameter passing the sight 
hole of the fitting. The water supply requires to be greased by 
a supply of oil from the lubricator box, D. The number of 
drops per minute should not exceed fifteen, and can be regulated 
by the thumb-screw, E. Only oil free from acid should be used; 
sperm oil is to be preferred. Too much oil will cause a soap to 
be formed, and will clog the valves of the separator column. 
See that the throttle plates, F, on the air inlet are closed and 
locked in position to deaden the noise made by the beat of the 
inlet valve. See tluU tlie glands of the high-pressure and low- 
pressure air stuffing-boxes are screwed up tightly and evenly to 
prevent the escape of air and fresh water. 

Working. — On starting the pump, the automatic separator 
drain will not come into operation until sufficient water is 
collected to sink the fioat and work the valve. Then a constant 
discbarge will be maintained at the nozzle. The separator-drain 
valve should be opened occasionally as a test of the satisfactory 
working of the drain, but the water discharged should be a 
negligible quantity. If the quantity is large, the valve must 
have become clogged, due to too much oil being fed into the 
pump. Moving the handle (on the separator - column side) 
backwards and forwards will free the float and clear the valve. 
This handle should only be used when necessary, and, when not 
in use, it should hang vertically downwards. 

The action of the air inlet valve, P, is important in its effect 
on the efficiency of the pump. The clear beat of this when 
working well will be easily recognised after the necessary 
experience, and any defect in the valve facing can be seen or 
felt by excessive leakage of air on the upward stroke of the 
pump. If there should be any leakage past the air pistons, or 
if the valves or valve seats are at all damaged, warning will be 
at once given by the blowing of the relief valves. 

The leathers used throughout the pump must be kept soft and 
in good condition, to prevent the escape of air and water. 

Disconnecting. — Shut air outlet valves, and open separator 
drain. Shut circulating- water (suction and delivery) cocks, and 
open tank drain. Disconnect pipes, G and H. Unscrew union 
nuts, J, K, and L, and swing pipe bends to clear. Unscrew 
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bigh-pressure barrel cap. Take off nuts from low-pressure cover 
studs and use forcing-off screws, 0, for removing cover. Slack 
back set screws, M, on connecting nuts, N, and unscrew nuts. 
Pistons can now be readily removed by means of lifting eyes 
supplied. 

All "valves can be readily examined by screwing back the 
valve caps. Care should be taken, in disconnecting, not to 
scratch or injure the working surfaces, as these defects will 
seriously affect the efficiency of the compressor and destroy the 
leathers. Special care to be taken when replacing rings, both 
in air pistons and stuffing-boxes, that they are fitted as shown, 
and that the packing is in good condition and screwed up tight. 
After replacing the parts, turn the engine by hand to ensure 
that everything is clear before starting. 

Care should be taken that the leathers are the correct size and 
soaked in oil before being fitted in the high-pressure piston and 
stuffing-box. 
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CHAPTER XVIII. 

REFRIGERATING MACHINES. 

The Dry Air Befrigerating Maohine. — This type of refri- 
gerator was one of the first to come into general use, though, at 
the present time, machines employing chemicals — such as. anhy- 
drous ammonia, sulphurous acid, and liquid carbonic acid — are 
largely used. It is admitted that the coal consumption of the 
machines using air as the working fluid is greater than that 
required by the chemical machines; but other considerations 
must be taken into account when a complete comparison is 
made. The space taken up is greater, and the weight of 
machinery, when the brine pipes are included, is also gf eater, 
in the case of chemical machines. As regards the cost of 
upkeep, the necessary chemicals, as well as the coal, must be 
taken into account. On the other hand, a greater weight of 
coal must be carried, if an air machine is employed, for the 
same duty as is performed by a chemical machine under similar 
circumstances. The air refrigerator has the advantage that no 
store of chemicals need be carried to make good losses by 
leakage ; also no serious inconvenience can be caused on board 
by the escape of the working charge. In a warship these latter 
considerations are of great importance, since this class of vessel 
may be absent from its dep6t for an indefinite period; and, 
again, the consequences of any damage caused by shot and shell 
make a vapour such as anhydrous ammonia less suitable. 

The principal parts of the dry air machine, and its action, 
may be described as follows : — Air is drawn into a compression 
pump, either from the cooling chamber or from the atmosphere ; 
it is compressed to about 60 lbs. per sq. in. (gauge) and deliv- 
ered to a "cooler.*' The work necessary for the compression 
of the air is least if its temperature is kept constant during the 
operation ; consequently, the cylinder of the pump is surrounded 
by a current of cold water flowing through a jacket. In practice, 
the temperature of the air is considerably raised during com- 
pression, and consequently it is passed through a cooler on its 
way to the expansion cylinder. The cooler is made of a similar 
form to that of an ordinary steam condenser, the air passing 
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through, or around, the tubes, the other surface of which is 
cooled by means of circulating water, supplied by a pump worked 
from the engine crank-shaft. In consequence of the work done 
by the air, during its subsequent passage through the expansion 
cylinder, its temperature is very considerably reduced, according 
to the nature of the expansion and the point of cut-off adopted. 
The cold air is finally discharged from the expansion cylinder, 
through a snow box, to the cooling apparatus or chamber. 

It is found that special means must be adopted to get rid of 
the moisture, carried in suspension by the air drawn into the 
pump. This moisture would be deposited as ice or snow on the 
temperature being lowered sufficiently ; it is, therefore, important 
to remove as much as possible before the air is admitted to the 
expansion cylinder. A certain proportion of the water vapour 
is condensed in the cooler, from which it is blown out from time 
to time. In order to further dry the air, an arrangement, known 
as a " dryer," is fitted between the cooler and expansion cylinder. 
This apparatus is on the interchanger principle; the cold air 
discharged from the cooling chamber is caused to flow through 
pipes in the opposite direction to the current on its way to the 
expansion cylinder. By this means the initial temperature 
before expansion is reduced approximately to that of the cold 
chamber, and — what is of more importance from a practical 
point of view — most of the remaining moisture is deposited in 
the " dryer." By this method a very low temperature may be 
attained. In an alternative arrangement, the air discharged 
from the cooling chamber, which is comparatively dry, is drawn 
into the compression pump. In this way a greater weight of 
air passes through the machine per revolution, and, although 
the minimum temperature attained is not so low, yet the 
performance of the refrigerator is theoretically greater than that 
due to the first plan described above. In spite of the above 
precautions, ice and snow will be deposited in the exhaust ports 
of the expansion cylinder and in the snow box, and must be 
cleared away periodically by the means described later. 

It is essential that the cut-off should be early in the expansion 
cylinder, and the clearance at each end must be as small as 
possible. To this end the length of the inlet passages is reduced 
to a minimum; one port in the face is at each end of the 
cylinder, and a separate Meyer expansion valve works on the 
back of the slide valve proper. The beanng surfaces of these 
valves are liable to be pitted, especially on the laps ; also, if ice 
forms on them they may become scored. Any small leak across 
the slide face tends to the formation of ice, which would raise 
the valve from its face, slur the sharpness of the cut-off, and 
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seriously impair the action of the machine. For these reasons 
the various surfisbces must be planed up when injured, the 
ordinary interval being about a twelvemonth. The cylinder face 
is often made of gun-metal, or phosphor bronze, whilst the valve 
is of cast iron, so that, if the machine is standing idle for any 
lengthened period, the valve should be removed from the face to 
prevent galvanic action. In any case the valve chest cover 
should be removed for examination of the surfaces at weekly 
intervals. A special black oil, of low freezing point, is used for 
the internal lubrication of the cylinders and valves; this oil 
sometimes forms a hard black deposit adjacent to or on the 
working surfaces, and it must be removed by chipping. Gly- 
cerine is sometimes used for internal lubrication, but if the cold 
air comes in contact with the cargo the glycerine carried over by 
it affects the taste of the meat. 

In order to improve the sharpness of the cut-off, the inlet and 
exhaust ports are often made separate, and communicate with a 
separate slide valve and face. Since most of the ice formed is 
depositexl from the cold exhaust air, it is possible by this means 
to confine it to the surface of the exhaust valve and passages. 
The latter valve is then the one requiring most attention, and is 
liable to be scored on the back surfaces, which are in contact 
with the bearing strips. A removable cover is generally fitted 
to the exhaust passage, closing an orifice through which the 
snow deposit may be removed. It is a very general practice to 
stop this class of machine after about three hours' work to allow 
it to warm up and melt the ice off the internal surfaces men- 
tioned. Hot air may be introduced from the compression cylin- 
der, or a steam jet may be arranged to play on the outside of the 
air passages, when desirable, for the same purpose. The water 
formed is then discharged through the cylinder drains. 

A big leak past the expansion valve may be detected by an 
expert, when the snow box is opened, by means of the difference 
in sound between a continuous rush or hiss and the normal 
regular puffs of the exhaust air ; the snow box is opened about 
once a watch to make this observation. 

Types of Machrae. — Refrigerators employing dry air as the 
working fluid are made with the cylinders, either vertically dis- 
posed above the crank shaft, or placed horizontally, as may be 
most convenient with regard to the available space for them. 
The machine illustrated m section, Fig. 94, and in elevation, 
Fig. 95, is the pattern made by Messrs. Haslam, and has been 
fitted in many vessels. The steam engine is compound, with 
the two cylinders arranged in tandem. Amongst other ships 
supplied with this pattern are H.M.S. "Powerful," "Terrible," 
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Motes on WorUng.-— These machines are started from a certain 
point of the stroke, and must be placed in this position by means 
of the hand-turning bar. Before starting it is important to 
ascertain that the jacket of the compression pump is full of 
water, and the machine must be sent off briskly to ensure a 
good circulation through this fitting. A large quantity of water 
is usually deposited by the air in the cooler, dryer, and air 
expansion cylinder, on starting, and therefore the drains to 
these parts should be open in readiness. (N,B, — The drains on 
the machine should be left open when it is not working.) These 
drains are gradually closed as the normal air pressure is attained; 
subsequently the cooler and dryer are blown out about once an 
hour. It is important that the water circulation around the 
compression pump should be good ; if this part warms up, the 
machine should be stopped whilst the circulating pump is over- 
hauled and its gratings are cleared. A cover is generally fitted 
on the water jacket, through which a piece of hoop iron can be 
inserted to clear away any barnacles or other obstruction. The 
inlet and outlet valves of the compression pump are subject to 
constant vibration which renders them hard and brittle; they 
should be examined and cleaned about once a week, when they 
can be changed if their appearance is unsatisfactory. When 
the machine is at work the best indication of its state of 
efficiency is the general appearance of the frosted parts, to 
which the attendant becomes accustomed. The various tem- 
peratures are recorded by thermometers, which, however, do 
not give the temperature of the whole body of air, and, conse- 
quently, the attendant relies more on the deposits of ice. The 
most common defects are broken valves in the compression 
pump, and a leaky slide valve in the expansion cylinder. The 
plungers of the expansion and compression pumps are generally 
packed with Kamsbottom rings and give Httle trouble; they 
need not be overhauled much oftener than once a year. The 
engines are not specially balanced, and a heavy knock may 
result if the crank brasses are not kept in good order. The air 
crank brasses need special care since they often tend to warm 
up; they should be freely lubricated on starting. The clear- 
ances, at each end of the stroke, in the compression pump are 
very small; consequently, whenever the brasses are adjusted, 
one of the inlet valves at each end of the pump should be 
removed, and a bent piece of sheet lead should be inserted, to 
obtain the exact amount of clearance at both ends of the stroke. 
The nuts securing the covers of the expansion and compression 
cylinders are often lined with white meta], so that if the clear- 
ance is improperly adjusted and the cover is knocked ofi^ the 
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damage may be confined to the white metal thread stripped out 
of the nut. The glands of the rods of the air cylinders are 
packed with plaited cotton soaked in glycerine, or in the special 
lubricating oil ; the packing generally lasts some months. 

The snow-box must be cleared out about once in a day of 
eighteen hours, about two to six buckets of snow being removed ; 
the machine need not be stopped for this purpose, since the 
attendants are not liable to any inconvenience. Persons unac- 
customed to the machine may contract severe sore throats if 
they inhale the cold air. The cold air shutes are cleared when- 
ever they become choked with snow, say once a day. For this 
purpose the attendants are provided with a special flannel dress 
and gloves; on arriving in the engine-room, they enter the 
shutes from the snow-box before they have had time to get in 
a state of perspiration, the machine having been stopped for 
some time, say two hours, previously. If the compression pump 
is drawing from a cargo of fruity the air is heavily charged with 
carbonic acid gas ; in this case, before the shutes are cleared the 
machine is caused to draw from the atmosphere for about an 
hour, in order to clear away the carbonic acid. Any light 
required should be furnished by a candle, the flame of which 
will indicate the purity of the air in the chambers. Oarbonio 
acid causes increased pitting of the surfaces of the air cylinders. 

The air is distributed throughout the cargo hold by means ol 
adjustable louvres in the shutes; these are opened wider, or 
closed, according to the local temperatures observed. If a mixed 
cargo of meat and fruit is carried, the course of the cold air 
current should be from the meat to the fruit; air which has 
been in contact with fruit taints the meat. 

A meat cargo must not be stowed in contact with the refri- 
gerating surfaces ; wooden battens are interposed to provide for 
the circulation of air; any accidental contact results in dis- 
coloration and subsequent condemnation of the meat. Any 
settlement of the cargo indicates too high a temperature in the 
compartment. The proper temperatures for cold chambers 
depend on the nature of the stuff to be preserved and are as 
follows ; — 

Meat and poultry, 16* F. 

Fruits and vegetables, 40* to 50" F. 

Fish, after being frozen, 25** F. 

Wines, 50* F. 

The Oarbonio Anhydride Refrigerator. — This apparatus, 
as made by Messrs. J. & £. Hall, Limited, consists of the 
following three principal parts : — 

(1) The compressor, which in the larger machines is con- 
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The verticsd marine type of machine, illustrated in elevation 
(Fig. 98) and section (Fig. 97) is that made by Messrs. J . & E. Hall 
of Dartford. It consists of a single vertical steam cylinder, with 
the compressor arranged alongside, both secared to a casting 
containing the condenser coils, which are made of copper. 
Behind this casting is another, secured to it and containing the 
evaporator coils surrounded by brine, the casing being efficiently 
lagged. The evaporator coils are made of wrought iron welded 
by electrical means into long lengths, so that there are no 
internal inaccessible joints. 

"Machines'^ of this class driven by a steam engine of about 
110 I.H.P. are capable of maintaining a cargo of 1800 tons of 
meat at a temperature of 10** F., the coal required being about 
half a ton per day. The cost of the additional CO2 required 
during the voyage from Sydney to London was from £1 1 to £12." 
These results were obtained in 1896; in 1905 the additional CO2 
required cost only £1. A machine in use on one of the Castle 
liners in 1905 required 2 bottles, or 80 lbs., of COg, 3 gallons of 
Arctic oil, and f cwt. of calcic chloride for brine, during a period 
of three and a half months' running. 

Notes on Working. — The necessary adjustment of the regu- 
lating valve, to secure the desired working conditions, is made 
by reference to the pressure-temperature gauges, connected to 
the evaporator and condenser respectively. These gauges each 
give two readings, the pressure being shown on one circle of 
figures, and the corresponding temperature on another con- 
centric circle. The evaporator gauge should indicate from 10* 
to 15" below the temperature of the brine leaving the evaporator ; 
the condenser gauge should indicate about 10° above the tem- 
perature of the circulating water entering the condenser. If the 
machine is overcharged the condenser gauge will give a higher 
reading and the pointer will oscillate considerably. Under 
ordinary working conditions the compressor should be cold, or 
even partly covered with snow, and the delivery pipe from it 
should be rather warmer than can be comfortably borne by the 
naked hand. If the delivery pipe is not hot enough the regu- 
lating valve should be partially closed; whilst, if the pipe 
becomes too hot, the valve should be opened. 

It is found that the charge of gas needs replenishing, from 
time to time, on account of the slight leakage which takes place 
from the joints and glands ; also the amount of gas required in 
the system increases with the temperature of the circulating 
water. The charge is insufficient when (the valves and leathers 
of the compressor being in good order) the working conditions, 
detailed above, cannot be maintained, and the refrigerating 
*rroc, Inst O.E.y vol. cx^ix. (1897), "Cold Storage," 
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the regulating valve should be closed ; after a certain number 
of revolutions, the evaporator gauge will commence to fall, and 
should then show a fall of pressure of about 1 atmosphere for 
every 10 revolutions. If the fall of pressure is less than the 
normal amount, the cause may be found in faulty compressor 
valves or piston leathers, or may be due to a leak past the 
regulating valve. 

Before removing the compressor piston-rod, the suction and 
delivery valves on the pump must be closed, and the pressure 
released by breaking a suitable joint; otherwise the rod, when 
disconnected, may be driven violently against the end of the 
cylinder. 

The compressor rod should be removed and kept well greased, in 
a dry place, whenever the machine is not required for some days. 

The various joints are made with copper rings, carefully placed 
between the butting surfaces. About once a week (or oftener 
with a new machine) these joints, as also the glands and stuffing- 
boxes, should be coated with a soap lather, when any leaks will 
be indicated by the bubbles formed. It is important to stop the 
smallest leak as soon as it is practicable. 

The packing rings in the gland of the compressor rod will 
last for some time, with careful treatment and a smooth rod. 
A leaky gland is indicated by the loss of the lubricant supplied 
by the special pump. 

The internal parts of the compressor are lubricated with a 
special oil which has a freezing point not exceeding - 25° F. The 
oil is supplied from a special pressure lubricator, and the valve 
on the oil pipe should always be wide open. The strainer at- 
tached to the pressure lubricator requires to be cleared occasion- 
ally. The separator fitted to collect the lubricant oil discharged 
with the gas from the compressor is best drained by oscillating 
the handle of the drain cock; if the lubricant is drawn off in a 
stream, a quantity of gas will probably escape with the oil. The 
oil collected from the separator should be freed from any water 
mixed with it, and should then be filtered through four or five 
thicknesses of fine muslin, when it can be used again. The oil 
escaping outwardly from the gland of the compressor is caught 
in a removable receptacle, and can be similarly treated. 

The Anhydrous Ammonia Befrigerator. — The action of 
this class of machine is based on the evaporation of liquid 
anhydrous ammonia, which abstracts the necessary heat of 
evaporation from the cold brine used for refrigerating purposes; 
the gaseous ammonia is subsequently compressed and liquefied 
in a condenser supplied with circulating water, into which the 
heat of liquefaction is ejected. 



REFRIGERATING MACHINES 



30& 



The diagram, Fig. 100, shows the arraDgement of the different 
parts in outline. A steam engine or other motor, not shown in 
the sketch, is necessary to drive the compressing pump. 

The pressure of the vapour of ammonia at 0° Fahr. is about 
30 lbs. per square inch absolute, and at 80** Fahr. the pressure is 
about 150 lbs. per square inch, so that the limits of pressure 
fixed by the ordinary working temperatures, of the brine and 
condensation water respectively, are very suitable. On the one 
hand, the maximum pressure is not excessive, and, on the other 
hand, the minimum pressure in the evaporator coils is above 
that of the atmosphere, so that air cannot leak into the apparatus 
and dilute the working fluid. 
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Fig. 100. — Anhydrous Ammonia Refrigerator. 

As a general measure of precaution, a water service with fine 
jets should be fitted to enable the ammonia connections of the 
machine to be quickly drenched in the event of a sudden leakage 
of ammonia, the working valve being placed in a readily acces- 
sible position. 

Water of a temperature not greater than that of the atmo- 
sphere should be used for filling the ice moulds. The use of hot 
water is dangerous. 

Hydrogen gas is liable to be generated in the condenser and 
refrigerator of these installations, and the use of naked lights in 
the machine-rooms should be prohibited. 
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no gas is drawn into the cylinder until the pressure in the 
clearance space is less than that in the suction pipes. 

The lantern stuffing-box used for the compressor piston-rod is 
shown in Fig. 102; the recess is kept full of oil. The packing 
is made of plaited soft cotton, soaked in "Arctic" oil; it will 
last from four to six months if the surface of the rod is kept in 
a high state of smoothness. The packing should be cut in 
lengths which just fit round the rod, with the ends at an angle, 
as shown in Fig. 103. The greatest care should be exercised to 
keep the gland, oil, and packing free from grit. The last turn 
of packing next the gland consists of a "compressor ring" of 
special make. 

The oil used for the internal lubrication of the compressor and 
gland should have a low freezing point ; it must not contain any 
acid, and must not saponify in contact with ammonia. 
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Fig. 103. — Linde's Refrigerator— Packing Strip. 

The condenser used on board ship consists of coils of wrought- 
iron tubing enclosed in a cylindrical wrought-iron tank, which 
is supplied with circulating water around the coils. 

The refrigerator, or evaporator, consists of a coil of wrought- 
iron tubing immersed in a tank, through which the cold brine is 
forced around the coils. 

The coils of the refrigerator and condenser should be cleared 
of any oil or dirt, carried in by the ammonia, by means of a jet 
of steam blown through each coil, and supplied by a flexible hose. 
The outside surfece of the condenser coils should be cleaned by 
brushes introduced through the spaces between the coils. The 
surface of the coils should be covered with a coating of boiled 
linseed oil to prevent corrosion. Any small area of pitting dis- 
covered in the coils should be carefully cleaned, filled with solder, 
and reinforced by an iron hoop gripping around the weak spot, 
after which a test pressure of 1500 lbs. per sq. in. should be 
applied. 

The flanges on the ammonia pipes are screwed on. The thread 
cut on the pipes and in the flanges is tinned, and the latter are 
screwed on hot. The end of the pipe and the flange are made 
flush, and are then tinned, and a cup at the back of the flange is 
filled up with solder. The joints between the flanges are made 
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by means of a special composition ring, but lead wire may bd 
used if the former is not available. 

The proper manner of searching for leaky joints is by burning 
powdered sulphur, spread on a flat stick and passed around the 
j oint. An am monia leak is indicated by the white clouds of vapour 
tbrmed. The practice of smelling for a leak is to be avoided, the 
result of a successful search being more than inconvenient. 

Notes on Working. — The machine must be started slowly with 
the suction and regulating valves shut, but the delivery valve 
from the compressor to the condenser must be open. When a 
vacuum has been produced on the suction side of the pump, the 
inlet valve and then, very gradually, the regulating valve are 
opened. If the communication betv^een the compressor and the 
refrigerator is open on starting, the valves of the former are 
liable to be damaged by excessive pressure. The normal temper^ 
ature indicated by the gauge connected to the condenser should 
be about 10" higher than that of the cooling water; that indi- 
cated by the gauge on the evaporator should be about 10* to 15* 
lower than the actual temperature of the circulating brine. 
The oscillation of the pointers at every stroke should be quite 
regular. The normal temperatures are produced by adjustment 
of the regulating valve, which should always be altered very 
gradually. The compressor delivery pipe should be of the same 
temperature as the cooling water. If this pipe is too hot the 
regulating valve should be opened more fully, and vice versd. 

If the delivery pipe is too hot and the regulating valve is open 
beyond the normal amount, the charge of ammonia in the sys- 
tem is insufficient. Additional ammonia is supplied whilst the 
machine is running by connecting up a reservoir cylinder to the 
suction side of the pump, or, preferably, to the proper fitting on 
the rectifier. The reservoir should be slung clear of the machine 
to guard against any accidental injury to the gauge connections, 
or other small fittings, the fracture of which might entail the 
loss of the whole or part of the ammonia in the machine. The 
greatest care must be exercised for the protection of all small 
fittings on the machine. The oil carried into the compressor is 
deposited in an oil collector; in large machines, a rectifier is 
fitted to efiect a more or less continual removal. The rectifier 
is connected with the suction side of the compressor by a pipe, 
so as to allow the ammonia dissolved in the oil to be drawn off. 
The oil discharged from the rectifier should be filtered through 
wire gauze and muslin, and can then be used again, mixed with 
an equal part of fresh oil. 

During temporary stoppages, the suction valve on the pump 
and the regulating valve are closed, and should remain closed 
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when the machine is first started, as pointed out earlier. The 
delivery valve on the pump is best left open during a short 
interval of rest. 

Upkeep. — Should the valves or the pump piston rings leak, 
the refrigerator pressure will be higher, and the pressure in the 
condenser will be lower, than under normal conditions; also, 
if the regulating valve be closed, the refrigerator cannot be 
entirely evacuated. In such a case, the valves and piston rings 
should be overhauled; the former are more liable to need repair. 
The valves are ground in place by means of fine emery powder 
and sand; they must be renewed from time to time, since the 
constant vibration to which they are subjected makes them 
brittle. A broken spring, or valve, can be detected by the 
difiPerence in the sound it makes when at work. Generally a 
slight leak of ammonia can be dealt with and the machine 
approached, if a piece of wet waste or similar material be held 
over the mouth and nostrils. 

Before breaking any joints, to open out any part of the 
machine, however small, the ammonia must be pumped into 
another part ; or, if this is not possible, it must be discharged 
below the surface of a quantity of water contained in a suitable 
vessel. As an instance, to overhaul the compressor valves : — 
(1) Close the regulating valve, and pump all the ammonia from 
the evaporator into the condenser; (2) close the suction and 
delivery valve on the compressor; (3) discharge the residual 
ammonia from the compressor through an india-rubber hose, 
suitably attached, and led into a bucket of water ; and (4) the 
valves can now be withdrawn and examined. All the bolts of 
each joint should be tried, and tightened up from time to time, 
as found necessary, whilst the machine is at work. 

Whenever the machine has been opened out for repair, it 
must undergo an air compression test up to 150 lbs. per sq. in., 
before being charged with ammonia. During the air test any 
leaks are discovered by means of the bubbles blown when the 
joints and glands are washed with a soap and water solution. 
The ammonia charge is gradually supplied to the machine after 
all the air has been pumped out by means of the compressor. 

The two principal systems of preserving cargo at a low 
temperature used by the Linde Company are as follows : — 

1. The refrigerating coils are immersed in an iron tank con* 
taining brine. The cooled brine is pumped through a circuit 
of 2-in. galvanised iron pipes, laid in the hold and around the 
cold chamber, and returning to the tanks. These brine pipes 
become covered with snow, and a process of thawing-off, draining, 
and drying up is necessary, after a voyage, in order to clean the 
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holds through well-insulated trunks. The process of " thawing- 
off" is not necessary, and there are no pipes to be laid in the 
holds. This system is in use in some of the vessels trading to 
Australia and Kew Zealand. 

Haslam's Ammonia Hefrigerator. — The illustration (Fig. 
104) represents a vertical ammonia refrigerating machine de- 
signed to form a self-contained apparatus. The back casting 
is of cast iron, circular in form, and contains the ammonia con- 
densing coils. It is made in two parts, and the back part can 
be removed to give access to the condensing coils, for cleaning 
and examination. The front part of the condenser casting is 
provided with ribs, facings, and brackets to receive the steam 
cylinder, ammonia compressor, crank-shaft, and other working 
parts. A pump to provide cooling water is worked from the 
engine crank-shaft. 

The principle of the action of the machine is similar to that 
of the Linde apparatus; the brine, when cooled, is pumped into 
a receiver, and allowed to flow over a set of surfaces formed by 
parallel corrugated plates. Air is circulated over the alternate 
surfaces of the plates, and cooled to the desired temperature, 
the moisture carried by it being deposited as snow. The air 
is then drawn by fans through the cargo holds or freezing 
chambers, and so passes again to the refrigerating battery of 
plates. The cold store erected in 1897 at the Victoria Docks, 
and designed to hold 10,000 tons of meat^ is fitted with this 
system of refrigeration. 
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CHAPTER XIX. 

MACHINERY AND BOILERS OF TORPEDO BOAT 
DESTROYERS.— WATER-TUBE BOILERS. 

Weight of Machinery. — The machinery oi these little vecisels is 
very light. Sir John Durston has made a striking comparison 
between H.M.S. "Warrior" and H.M.S. "Quail" to emphasise 
the extreme lightness of the latter's machinery. The former 
vessel was built in 1861, and was of 5400 I.H.P., and the 
" Quail " is selected as being one of tlie class of destroyers which 
steam at a speed of 30 knots when developing about 6000 I.H.P. 
The "Warrior's" machinery weighed 898 tons — that is, it is 
more than twice the total weight of the " Quail " complete with 
stores and crew. The machinery of the latter weighs only 
144-3 tons, of which the boilers account for 75*7 tons, including 
the weight of the water when at working height, which amounts 
to 11-25 tons. 

. The boilers fitted in these vessels are of the class of water- 
tube boilers (called by Sir John Durston the "Express" type), 
containing tubes of small diameter, and are capable of being 
used under a greatly accelerated draught without leakage of 
tubes or other injury. 

In connection with these water- tube boilers it has been 
pointed out that they contain a relatively very small quantity 
of water. Supposing the engines of the " Quail " to use 20 lbs. 
of feed- water per H.P. hour, then the weight of water contained, 
under working conditions, passes through the engines in 12*6 
minutes, at full power. It is, therefore, very important to keep 
the supply of feed-water to the boilers as uniform and regular aa 
practicable. Automatic feed- water regulators have been success- 
fully fitted for this purpose. Various arrangements are described 
in this book (see Index). 

The quantity of feed-water carried in the reserve and feed 
tanks is very small, from 2 to 3 tons only. It is, therefore, 
important to prevent waste of water through leaky glands, 
joints, boiler tubes, or safety valves. The evaporator must be 
kept in first-rate condition, and must be brought into use early 
in a long run, so that the amount of water in the reserve tanks 
may always be ample. 
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The reserve tank in the later destroyers will hold 4 tons ; 
the additional capacity is intended to provide a reservoir for the 
water not required in the boilers when running at full power, 
so that the actual reserve can only be reckoned at 3 tons. 
There should always be a sufficient reserve of water to fill up 
the boilers when the engines are eased or stopped. 

The supplementary feed-water required is drawn into the con- 
denser from the reserve tank, through a communicating pipe 
fitted with a small valve. This valve should be adjusted so 
that the water in the feed tanks never sinks below a fixed point 
on the gauge glass ; if the suctions are well covered there will 
be a plentiful supply for the feed pumps, and the latter will not 
draw air from the tanks. The supplementary feed valve must 
be closed immediately the engines are stopped; otherwise, the 
condenser will fill up and, on starting, the air pump may suffer. 

Difficulty is sometimes experienced with the suction of the 
feed pumps when the feed-water is of an unduly high tempera- 
ture, as, for instance, when the engines are standing with steam 
on them and with the drains open ; or, again, if the engines are 
running and the condenser has an insufficient supply of circu- 
lating water. In the former case, the remedy is to use the 
auxiliary feed pump drawing from the reserve tank until the 
engines are started; in the latter case, the speed of the circulating 
pumps may be increased and a diligent search should be made 
for any open drains. The temperature of the feed- water should 
not be much lower than 120* F. in order to expel as much air as 
possible irom the water in the feed tanks. 

Automatic feed-water regulators require considerable attention 
to ensure efficiency. Those fitted with a cut-off valve inside the 
boiler require that the joints of the internal feed pipe should be 
strong and water-tight. The gland on the spindle fitted for 
testing the automatic valve by hand should not be packed too 
tight. The internal steel floats are liable to corrosion, and may 
become waterlogged or colla[)sed. 

If no automatic feed-water controlling gear is fitted, the chief 
stokers must be trained to run the feed pumps at a uniform 
rate. The pumps must not be used spasmodically, since one 
pump may, in that case, deprive the others of their supply, and, 
consequently, one boiler will be pumped up quickly whilst the 
others may be running short. 

Filters. — The condensed steam is filtered in passing through 
diaphragms of Turkey towelling, sponges, or other suitable 
material, which may be fitted in the feed tanks. These filter 
cloths are removed at intervals of not more than a month, and 
clean ones are supplied in their place. It is found that a 



318 ENGINE-ROOM PRACTICE. 

considerable quantity of oil is separated from the feed- water; 
most of it obtains access to the cylinder through the low- 
pressure valve-rod and piston-rod glands, especially at reduced 
powers. 

The density of the water in the boilers must be kept at <'nil." 
If the water in the boiler has V or 2" of density, there is a 
tendency to prime, and it is impossible to work at a rate 
approaching iull power. For this reason the condenser tubes 
must be maintained absolutely tight ; they are generally packed 
with tape soaked in linseed oil, and the glands must be examined 
and screwed up frequently. 

Priming. — In addition to the water salting up, priming may 
be caused by greasy or dirty water, which shows no density. 
The water obtained from the shore is generally unsuitable for 
small tube boilers, and should not be used unless absolutely 
necessary; as an instance, the Sheerness water is known to 
cause priming. For the foregoing reason, and also to exclude 
air from the boilers, the latter are run up with distilled water, 
and, whilst working, the make-up feed is always supplied by the 
distillers. It has been found that the air introduced by the 
shore water promotes corrosion of the boiler tubes. 

Priming may result from the stop valves being opened too 
wide. If the boiler stop valves are opened to the minimum 
extent only, priming is less likely to occur; if the. speed be 
increased word can be passed to the stokehold to open out 
wider. Priming may also result from the set of boilers in one 
stokehold being forced to supply more than their share of steam. 
To prevent this irregularity, the same air-pressure must be 
maintained in the separate stokeholds ; air gauges fitted in each 
stokehold, to show the pressure in the others, would probably 
be beneficial. It will generally happen that the stop valves on 
the forward boilers must be opened slightly more than those on 
the after boilers, since the resistance of the longer line of steam 
pipe is greater. Whenever the presence of water in the cylinders 
is indicated by the sudden thumping set up, the engine drains 
should be immediately opened, and the separator should be 
blown through. If the cylinders are not immediately cleared, 
the engines must be eased, otherwise incipient fractures may be 
caused, which will develop later into serious defects. 

Stoking. — The coal must be supplied to the fires in small 
lumps, according to a regular system, and must be uniformly 
spread over the fires when thrown from the shovel. The fires 
must be kept very bright; until this art is acquired by the 
stokers, flaming at the funnels will be liable to occur. The coal 
must be supplied quickly, in small quantities, at short intervals. 
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If the engines be stopped suddenly and remain motionless for 
some time, the steam pressure may be controlled by raking a 
hole in the middle of each fire-grate, this device being employed 
only when the more legitimate checks have been applied. 

Flaming may be due either to irregular heavy firing or to bad 
coal. Air leaks at the junction of the funnel and uptake are 
also a contributing cause. 

The proper thickness of fire for full speed varies with the 
different types of boilers. Approximately in a Normand boiler 
the fires should be about 18 inches thick ; in a Thornycroft 
boiler about 12 inches is the proper thickness ; and in a Reed 
boiler about 8 to 12 inches is sufficient. Each fire should be 
distinctly thicker at the back than at the front of the grate, and 
the fire should always be kept well clear of the dead plate to 
prevent burning, both of this fitting and of the fiame ring 
around the opening for the furnace door. This necessity cannot 
be too frequently pointed out to stokers under training. The 
files of all boilers in the same stokehold should be of the same 
thickness, otherwise the air pressure will not be suitable to each 
and the distribution of draught will be unequal. 

A spare stock of fire-bars, bearer-bars, baffles for furnace 
doors, and fiame rings should be maintained, as the wear and 
tear of these articles is rapid and steady. 

If a tube should burst, the water in the boiler will be imme- 
diately discharged into the furnace and will pass out of the 
funnel as steam. This accident may occur without attracting 
the notice of the men in the stokehold, but the unusual spectacle 
should attract attention on deck ; consequently, a communica- 
tion with the deck should be arranged, so that the fires can be 
immediately drenched and drawn before the tubes are destroyed. 
After such an accident the tubes will generally be found bent 
in every direction, but they should by no means be condemned 
without further trial. A case in point has occurred ; after the 
faulty tubes had been removed and the holes plugged, the 
remainder were carefully straightened in place by wooden mal- 
lets, and the boiler stood the test pressure under water without 
further work of any sort. Sound tubes were then fitted, in 
place of those cut out, and the boiler was used and proved quite 
water-tight. In case such an accident happens to one of a set 
of boilers, it is of importance to shut off the feed supply to the 
damaged boiler and to attend carefully to the water level in the 
rest; otherwise, a similar mishap is likely to occur to others of 
the set. On subsequently testing a damaged boiler, the burst 
tubes may be found by opening out the steam dome and lighting 
A smfi^U smoky fire of straw in the furnace. The smoke wijl 
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completion of the tubing an inspection is to be made to see 
that each tube end has been well rolled on the inside of the 
chamber, and that it is expanded close to the edges of the hole 
on the outside." The average life of a set of boiler tubes may 
be estimated at about six years with proper care and attention, 
though cases of more rapid wear have occurred. It frequently 
happens that from two to four rows nearest the fire require 
renewal at an intermediate period. The parts of the boilers 
which deteriorate most rapidly are as follows : — 

The furnace fittings in all types alike. 

Normand Boiler, — (a) The ends of the tubes in the lower 
drums near the point of entry of the auxiliary feed- water supply, 
and the interior surfaces of these tubes at their lower ends; 
(6) the upper ends of the tubes in the steam drum near the 
automatic feed apparatus. 

Thomycroft Boiler, — (a) The upper interior surfaces of the 
tubes at the top bend above the water level ; (6) the tube ends 
in the steam drum near the water line and around the automatic 
feed apparatus ; (c) the top interior surface of the bottom drum 
between the outlets of the downcomer tubes and the ends of 
these tubes. 

Re^ Boiler. — (a) The interior surfaces of the lower ends of the 
tubes just above the constricted portion ; (b) the thread on the 
tube ends, both top and bottom. The fire rows, in this type, 
are more liable to deterioration. 

Abnormal corrosion in small tube boilers can be arrested by 
the proper fitting and distribution of zinc slabs. The addition 
of lime to the feed-water in the feed tank has been found 
beneficial, as in the case of Belleville boilers; the quantity of 
lime introduced must be carefully regulated to guard against 
any risk of choking the tubes with sediment, about 1 lb. per 
diem for each 500 H.P. developed is sufl&cient (S.M,, Art. 224a). 

The preservation of the boilers when not in use is of the 
utmost importance; the method adopted is described on p. 167. 

Engines. — Since the number of revolutions per minute at 
full power is as high as from 350 to 400, it is difficult to 
ascertain the state of the bearings by touch. All oil-ways must 
be carefully placed and must be of sufficient width, depth, and 
extent; the supply holes should be enlarged towards the working 
surface of the bearing, the channels should be cut fairly deep 
near the supply hole, and should extend to within a distance 
of about half an inch of the edge of the white metal. The 
illustrations (Fig. 106) show arrangements which have worked 
well in practice. Ohannels should be cut in the slipper face, 
as well as in the fixed guide of the crosshead bearing. Berlin 
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Excessive vibration of the after part of the vessel may be due 
to the foregoing defect, or, sometimes, to the shaft running out 
of truth. A probable cause of the latter defect is faulty faces 
on the couplings, which may need refacing in the lathe. The 
shaft should be revolved in place, and the fault localised by 
Bcribers rigged up, inboard and in the dry dock, to touch the 
shaft at various points of its length. 

Excessive vibration is sometimes due to bent or broken blades 
of the propeller, a loose propeller, or to looseness of fit of the 
steel bush in either the A frame or stern tube. 

Cleaning Boilers. — ^The boilers are emptied and opened out 
at intervals of from three to four weeks. The interior of the 
steam space is thoroughly cleaned by narrow scrapers, the tubes 
are swept with brushes, or scraped by bent wires, passed through 
them from both ends. If the tubes are so much bent as to 
prevent the passage of a brush they may be cleaned by means of 
a powerful jet of water directed into each in turn. The dirt is 
washed out through the small doors on the water pockets, by 
means of a similar jet of water. The zincs are treated as already 
described in the case of tank boilers, and the interior of the 
steam dome is examined in a similar manner. In addition, 
for a thorough examination, the black scale formed on the out- 
side of the tubes is removed. Flat brushes with wire bristles 
are used between the rows for this purpose ; if they prove too 
pliant, flat strips of mild steel, about ^ inch thick and an inch 
wide, can be made into rasps by the use of a centre punch, until 
the surface is like that of a nutmeg grater. These rasps will 
readily remove the black scale. When the outsides of the tubes 
are clean, they are carefully callipered to detect any diminution 
of diameter caused by oxidation, such as occurs when steam is 
passed over red-hot iron in the manufacture of hydrogen gas. 

A good deal of soot lodges between the rows of tubes and must 
be removed by suitable hooks, when the grates are cleared out. 

Some of the tubes should be removed from time to time, and 
cut lengthwise and crosswise to ascertain the thickness of the 
metal and state of the surfaces. 

The feed tanks and reserve tanks should be emptied and 
thoroughly cleaned out once a month. 

The brickwork in the furnaces of a water-tube boiler requires 
more attention than that of the tank boilers ; relatively there is 
more brickwork in the former. Ordinary firebricks of various 
thicknesses are now used. Both the front and back walls of 
the combustion chamber are formed of bricks, and there is a 
row all round the fire-grate, to protect the joint of the bottom 
tube plate with the water pocket. 
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The bricks are set in a mixture of two parts of Stourbridge 
fireclay to one part of cement (ordinary fireclay is useless) ; they 
are rabbetted together by iron strips let into the adjacent ends, 
and, at regular intervals, are secured in position by bolts sunk 
in the bricks, protected by fireclay, and passing through the 
boiler casing. The bricks on the vertical front and back of the 
combustion chamber require support, to prevent the surfaces 
buckling. For this purpose angle-iron shelves, or partitions, 
bolted to the casings may be fitted ; the width should be 1 inch 
loss than the thickness of the brick, so that the iron can be 
covered by fireclay. An angle-iron arch is placed above the 
furnace door so that the bricks are supported from the grate 
level and are not shaken down when the door is banged. 

The surfaces of the uptake casings become very hot ; if the 
paint peels off it must be renewed to prevent the plates rusting. 

Safety Valves. — It sometimes happens that these fittings leak 
under steam when set to the adjustment found necessary on 
testing them in the shop. The effect of the higher temperature, 
to which the springs are exposed when in place and under steam, 
frequently necessitates a further compression of about ^ of an 
inch, and the final adjustment should, therefore, be made under 
working conditions. 

The ejectors fitted to pump out the compartments of the 
vessel should be tried whenever the feed- water wasted by them 
can be spared ; they act very well, even those in the stokehold, 
where the suctions are often covered with coal dust. A screw- 
down non-return valve is fitted in the ejector discharge pipe, 
by the use of which steam can be blown through the suction 
pipe to clear the strainer. The ejector, used as a pump, has 
a very low thermo-dynamical efficiency, because the heat, given 
to the water by the condensation of the steam used, is thrown 
away and may even be prejudicial ; the consumption of steam 
may be from 1200 to 1500 lbs. per H.P. hour.* 

The author's experience is that the steam valve should be 
opened out smartly to obtain an immediate flow of water. 

The cement in the bilges should be frequently removed to 
enable an examination of the plating to be made, and great care 
must be taken to keep the framing properly protected with a 
good coat of paint. 

The drill test of the boilers is carried out in accordance 
with Art. 966 of the "King's Regulations.'*! A report must be 
made on form S. 356A, B, and when the test is due, and the 
date of the last drill test quoted. The following directions are 

* See Peabody's Thermodynamics of the Steam Engine, p. 164. 
t See also Art. 301, S.M. 
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carried out : — It is to be distinctly stated wli ether there are any 
symptoms of internal or external corrosion going on, the con- 
dition of the boiler with regard to deposit, the condition of the 
zinc slabs, and the number which require to be renewed are to 
be reported. 

The parts drilled are : — Steam reservoirs, water reservoirs, 
permanent tube connections between reservoirs; the existing 
and former thicknesses being reported in each case. The 
thicknesses of the tubes in each row are also reported with the 
existing and former weight per foot of length ; for this purpose 
a transverse row is removed and the tubes are cut up by a band 
saw, both lengthwise and across, as required for examination 
and weighing. 

A general description of the following parts is given : — Boiler 
casings, furnace fittings (including brickwork), funnel and uptake, 
zinc slabs ; and an estimate of their probable durability is made. 

Sketches are to accompany the report, showing the location ol 
the holes drilled at each test and the position of any plugged 
tubes. 



NOTES ON THE CARE AND MANAGEMENT OP 
BELLEVILLE BOILERS.* 

Preparing for Steaming — Filling Boilers. — Boilers that are 
not fitted tvith economisers are filled in the first instance, when 
no steam is available, from the reserve feed tanks by means of a 
hand pump delivering through a hose, or by means of a hose 
leading from the fresh- water main on the dock side, the hose 
being attached to the boiler drain valve on the sediment box, 
which has a connection for this purpose. When a boiler is 
being filled, the air cock on the top of the steam collector should 
be opened to allow the air in the boiler to escape, and the steam 
stop valves and blow-ofif cocks should be closed. 

Boilers fitted with economisers, and with no steam available, 
can be filled in the first instance by attaching the fresh-water 
hose led either from a hand pump or from the dock side to a 
connection which is fitted on the drain pipe leading from the 
cold-water collector at the bottom of the economiser, the drain 
valve being kept open during the process of filling and also the 
air cocks on the tops of the hot-water collectors of the econo- 
misers and the steam collectors of the generators. 

* These notes are contributed by Engineer-Captain Edwards, R.N., of 
H.M.S. "Bulwark," Engineer-Captain Afloat, Mediterranean Fleet. 
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As soon as the economisers become full, the water will over- 
flow from the hot-water collectors, through the feed check valve 
on the steam collectors into the steam collectors, and thence 
through the downcomer tubes into the feed collectors and 
upwards into the generator tubes, where its height will be 
indicated on the water gauge glasses. As soon as sufficient 
water is admitted, the drain valves on the economisers should 
be closed and the process of filling discontinued. If the boilers 
have been standing for any time with water showing in the 
gauge glasses, it should be always ascertained by opening the 
drain valves of the economisers whether they also are full of 
water, and if there is any doubt about this the filling hose 
should be applied. Cases have occurred when the economisers 
have been partly or wholly emptied through leaky doors, or 
through the drains, while standing with water in them, and the 
effect of lighting up a boiler with its economiser partly or wholly 
empty (although water at the time might be showing in the 
gauge glasses of the generator tubes) would be to burn, distort, 
or destroy the economiser tubes. 

If steam is available in any boiler, the other boilers can be 
filled by means of the feed pumps, the water for this purpose 
being taken either from the main feed tanks or from the feed 
reserve tanks, and being pumped into the boilers through the 
ordinary feed arrangements. This method applies to all boilers 
whether fitted with economisers or not. 

BuDning down Boilers, which are fiQl up, to Working Level 
for Steaming. — In boilers not fitted with economisers it will be 
necessary, if they are quite full of water, first of all to open the 
air cocks on the tops of the steam collectors. A hose should 
then be connected to the boiler drain valve on the sediment-box 
and led thence to another drain connection leading to the feed 
reserve tanks, through which the water can be emptied into 
these tanks. If it is not desired to save the water, it can be 
discharged through the boiler drain valve direct into the bilges. 

If the boilers are fitted with economisers, the water can be 
lowered to the desired level in the generator tubes by the same 
methods, observing that it is necessary to see that the drain 
valves on the cold-water collectors of the economisers are closed, 
and also that the graduated feed cocks or valves on the feed pipe 
leading to the boilers are likewise closed, so that there may be 
no danger of running water out of the economisers. 

It will be sufficient for lighting fires if from 1| to 2 inches of 
water show in the gauge glasses. 

Laying Fires. — The coal to be used for this purpose should be 
broken into lumps about the size of a man's fist, and should be 
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fipread evenly over the grate to a uniform thickness of about 
4 inches. The portion of the grate near the furnace-mouth 
should be "wooded and topped," as is done in the grates of 
cylindrical boilers, but care should be taken to keep the fuel 
clear of the dead plates, in order to prevent the furnace doors 
being burnt. 

As soon as fires are lighted, the smoke-box doors and ashpit 
doors should be shut, the furnace doors being kept open. When 
the fires are sufficiently alight and partly burnt through, they 
should be spread, by means of a rake, evenly over the grate 
surface so as to cause ignition through the whole of the coal on 
the grate. The furnace doors must then be closed and the ashpit 
doors opened, the amount of opening ultimately depending upon 
the rate of combustion required, but they should be only slightly 
opened to begin with. If it be necessary to raise steam as 
quickly as possible, firewood may be placed over the grates as 
well as on the fronts of the furnaces for " topping up," but, 
as steam can be raised in a Belleville boiler in about thirty 
minutes, there is no necessity except for urgent reasons to 
force the generation of steam, as such a procedure frequently 
causes '' hammering," and possible damage by shock inside the 
tube elements. 

Should extreme haste be necessary, and steam be already 
available in some other of the boilers, the fans can be started 
to increase the draught, after fires are spread, but such a 
proceeding must be undertaken with caution, and only when 
absolutely necessary. 

Necessity for Warming up Engines.— Before lighting up a 
group of boilers, it is advisable to slightly open out the steam 
stop valves and connect up the systems of steam pipes in order 
to warm them gradually as steam is formed, and the air cocks 
on the steam collectors should also be kept open until steam 
commences to blow from them, when tbey should be closed. 
The boiler stop valves should also be worked to ascertain that 
they are not stuck on their seatings ; at the same time, if no 
boilers were previously in use for auxiliary purposes, it is 
advisable to keep the stop valves on one group of boilers closed 
until sufficient pressure is obtained in this group to work the 
feed pumps and keep up the water supply required by the whole 
of the boilers in use. The amount of water contained in each 
Belleville boiler is so small that, unless this precaution be taken, 
a risk is incurred of emptying boilers whilst warming up a 
large system of steam pipes and main engines. 

Starting Feed Pumps. — As soon as the steam pressure reaches 
50 lbs. per square inch, the feed pumps should be started, and 
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when this has been done, and it has been ascertained that the 
boilers are being fed with water, the steam stop valves of this 
group can be gradually eased off their seats and opened as the 
steam pressure in the other groups becomes equal, the generation 
of steam pressure in the various boilers being regulated by the 
draught plates on the ashpits, or by the opening or closing of 
the furnace or smoke-box doors if necessary. 

Starting Main Engines. — After the main engines have been 
warmed through in readiness to start, it will be necessary to try 
the air-blowing engines, or, as they are sometimes called, the 
'* gas mixers." As soon as the main engines are under way it 
will be noticed that the water in the gauge glasses of the boilers 
will rise. It is advantageous to keep the water level in the 
boilers fairly low, say 1^ to 2 inches in the gauge glass, as there 
is less tendency for the boilers to prime, and the steam generated 
is dryer. As soon, therefore, as the water rises in the gauge 
glasses after starting engines, the feed valve of the automatic 
regulator should be partly closed for a time, until the water has 
descended well into the gauge glass ; it should then be opened, 
and the desired water level should be obtained by arranging the 
lead weights of the feed regulator ; the more weights that are 
placed on, the lower will be the water level, and vice versd. 

Uniformity of Water Level. — It should be attempted in all 
cases to work with a uniform level of water in the gauge glasses, 
and to arrange the lead weights so that the feed regulator will 
preserve the desired water level automatically. The number of 
weights on the regulator will vary with the rate of evaporation 
of the water in the boilers, and a convenient expression whereby 
to remember how to arrange this is — ^^ higher rates, leas 
weights; lower rates, more weights^ As soon as the engines 
have reached the speed at which they are required to be run, 
the air blowers for the generator tube nests should be set to 
their proper rate of working; this rate is shown in a subsequent 
table, and depends upon the amount of coal which is being burnt 
per square foot of grate per hour. 

Stoking. — As in laying fires, the coal should always be kept 
clear of the dead plates and as level as possible all over the 
grates, and the fires should not be too thick, especially at the 
fronts of the furnaces, where it would cause damage to the inner 
portions of the furnace doors, and also to the nickel joints and 
sleeve joints of the elements. In firing up, care should be taken 
to cover up all the air holes and bare spaces that may exist on 
the grates, and at least once an hour, or more often if necessary, 
the fires should be levelled by means of the light two-pronged 
rake or " devil," which is supplied for the purpose. 
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It will probably be found that a more even distribution of 
coal is obtained, when " firing up," by throwing the coal well 
back on the grates. This ensures that the backs are covered, 
and a certain quantity of coal also drops on the middle and 
front parts of the grates. 

Systematic Firing. — The best results as regards steam genera- 
tion and economy of fuel are obtained by adopting a regular 
system of " firing " at equal and frequent intervals of time, the 
length of the interval and the amount of coal placed in each 
separate *' firing " depending upon the amount of grate sur&ce 
in use, and the activity of combustion desired. 

Each furnace should therefore be " fired '* at regular intervals 
through each of its doors in succession, with equal weights of 
coal, usually not less than three or more than five shovelsful of 
10 lbs. each at a time. As an example, we may take a stoke- 
hold having four boilers in it, and each boiler having four 
furnace doors numbered as in the following plan : — 

7 Boil er Z BoCUr S Bciler 4-Bmher 



1 a z '9- 

□Zl OZJ 



cfii cSir^bdo 



rrn m 



Fig. 107. 

The furnace doors should be numbered as shown above, figures 
in brass being either fixed upon the furnace doors or upon the 
smoke-box doors immediately above them. 

It may be assumed that the time interval has been fixed at 
(a) minutes, and that (6) shovelsful of coal are necessary for 
each firing through each separate door. 

The ** firing " signals can be given by ringing the stokehold 
telegraph — a man being stationed for this purpose at the tele- 
graph in the engine-room and having a clock near him with the 
perimeter of its dial divided off with intervals of (a) minutes 
each. 

At the first ring all furnace doors numbered 1 are fired through 
in succession with (6) shovelsful of coal each, commencing with 
No. 1 door at the left-hand side of the stokehold and going to 
each No. 1 door from left to right, across or along the stokehold 
until all No. 1 furnace doors have been fired through, care being 
taken that there should never be more than one furnace door 
open at a time. At the next ring all No. 2 doors are fired 
through, and at the succeeding ring the doors marked No. 3 are 
fired ; and, again, with the fourth ring, all doors marked 4 are 
fired one after the other. This completes one firing of all 
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furnaces of all boilers; and, at the next ring, the cycle com- 
mences again, the interval between successive rings depending 
on the rate of combustion required. 

The officer in charge of the stokehold is responsible that the 
proper order of firing is kept. 

An automatic stoking indicator and regulator is now being 
introduced, which will probably supersede the improvised 
method, just described. The " controller " or transmitter of this 
apparatus is electrically attached to a clock in the engine-room 
and the receiver consists of a gong and indicator in the stoke- 
holds, which latter shows the furnace to be fired at regular 
intervals and in definite rotation. The intervals of time are 
arranged and controlled by the engineer-officer on watch in the 
engine-rooms, and the rotation of firing is effected by the system 
of numbering the furnaces. 

It has been found in practice that the range of the instrument 
should provide for a complete round of firing in an interval 
varying from three to twelve minutes. 

This regular and systematic method of firing is especially 
necessary with a type of boiler which has only a small amount of 
space above the grate for the combustion of the fuel gases. 

A Belleville installation of boilers requires careful firing, 
because the power is spread out amongst a large number of 
boilers contained in many different stokeholds, constant super- 
vision by engineer-officers being therefore impracticable, the 
men should be trained to work on a system which by practice 
will render the stoking as automatic as possible. It will 
probably conduce to economy of fuel and more careful and better 
stoking if not more than one skid of coal per boiler be allowed 
on the stokehold plates at a time. The fire-irons, with the 
exception of the pricker and slice, should be as light as possible, 
a light two-pronged rake, called a '* devil," should be supplied 
for the purpose of raking over the fires and keeping them level and 
at a uniform thickness, for ordinary purposes, of about 6 inches. 

Air-blowing Engines or " Gas Mixers." — Air for combustion is 
supplied from below the grate, either by natural means or by an 
assisted draught produced by fans. The air above the grates is 
supplied by the blowing engines or gas mixers for the purpose 
of mixing up the furnace gases and rendering their combustion 
more complete. It is delivered by the blowing engines into 
pipes and discharged through nozzles projecting into the 
furnaces immediately over the furnace doors, and it is also 
supplied to the economisers below their tubes. The pressure at 
which the air is pumped into the furnaces should be varied in 
accordance with the rate of combustion of the coal. 
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Air-blowing engines should always be kept at work for the 
furnaces whether the rate of combustion be low or high, as by 
their use economy of fuel is obtained; there is also less tendency 
to make smoke and the heating surfaces of the tubes are kept 
cleaner. The following table shows the pressure of air which 
should be supplied to the furnaces according to the amount of 
coal burnt per square foot of grate surface : — 



Coal Burnt per Square Foot of Grate 
per Hour, in Lbs. 


Air Pressure in Lbs. per 
Square Inch. 


10 lbs. and under, 
Over 10 „ „ 15 . 

„ 15 „ „ 20 . 

„ 20 „ „ 25 . 
Above 25 „ . . . . 


5 

6 to 10 
10 „ 13 
13 „ 15 
15 „ 17 



Heavy firing not only wastes fuel and makes smoke, but tends 
to cause flaming and overheating of the funnels and burning of 
the boiler and uptake casings, and it likewise renders the task 
of keeping steam more difficult. 

Sight holes are provided in the smoke-box doors, from which 
the condition of the fires can be observed. The air supply to the 
furnaces, both from below and above the grates, should be so 
regulated that the appearance of the furnace is similar to the 
white heat of the incandescent carbon in an electric lamp, the 
glowing fuel should be without smoke or dull red coloured 
fiame; either of these appearances indicates that too much 
coal is being used, or too little air is being supplied for its 
combustion. 

Drawing Ashes. — Ashes should be drawn at least once an 
hour. It is important to keep the ashpans clear of ashes, and 
also to use water in them. 

Water in the ashpans not only tends to preserve the furnace 
bars from overheating, but it provides a plane surface for the 
draught through the ashpit doors to strike upon, and thereby 
effects a better distribution of the draught of air underneath the 
grates than would happen if it were to impinge upon a hot and 
irregular surface of glowing ashes in the ashpans. 

Draught Plates. — It is a matter of common experience with 
Belleville boilers that better results are obtained, as regards the 
ashpit draught, if the draught plates are sloped at an angle 
instead of being kept wide open, and it is more advantageous to 
increase the draught by working the fans faster than to open 
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the draught plates wide. It will generally be possible to wdrk 
each group of boilers so that their ashpit doors are open at the 
same angle, but should it be found that uniformity cannot be 
obtained, the doors nearest the feed float-boxes should be kept 
open a little wider than those more remote. 

Gleaning Fires. — It will probably be found necessary to start 
cleaning fires when the ship has been under way about eight to 
sixteen hours, but this must be judged by the appearance of the 
grates and whether clinker is being rapidly formed in them. It 
is always better, especially at the beginning of a long run, to 
commence cleaning fires too soon than too late. 

A good general rule is to clean fires after 140 lbs. of coal per 
square foot of grate have been burnt. 

The slice should be used as soon as clinker commences to form 
in the fires, and the loosened clinker should be withdrawn by 
the "devil." If the operation of "slicing" be begun at a suf- 
ficiently early period, it will not generally be necessary to 
completely gut the furnaces by pulling all the burning fuel out 
upon the stokehold plates when cleaning fires. 

It will be advisable to arrange that not more than one of the 
furnaces leading to each funnel is cleaned at a time, and the 
whole of a furnace should be cleaned in two successive watches 
of four hours each — i,e.y one-half of the furnace in each watch. 
On starting to clean a fire, the feed check valve on the boiler 
which is being cleaned should be closed slightly, and the ashpit 
door under the furnace should be closed. The coal above the 
clinker on the grate should be pushed by means of a rake above 
tlie opposite portion of the fire, the clinker should then be 
loosened by means of a slice, and should be raked out on to the 
stokehold plates and damped down by the ash-cooling hose ; the 
good burning coal is then pulled back from the opposite side of 
the fire to cover the portion of the furnace which has been 
cleaned ; the whole grate should then be levelled up with the 
" devil " and fired up lightly with coal at short intervals until 
the fire has regained its normal thickness; the ashpit doors 
should then be opened to the proper angle and the feed check 
valve also restored to its normal opening. The operation of 
cleaning fires must be performed as quickly as possible, and the 
first part of the fire to be cleaned should be that nearest the feed 
float-box. The second half of the fire is naturally cleaned in a 
similar manner to the first half. If the boiler has three furnace 
doors, clean the middle part first, then the part nearest the float- 
box, and lastly the remainder. 

If the run of the ship is to be of short duration, it may only 
be necessary to clinker the fires, in which case the coal in the 
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fires should be pushed to the back of the grate, and the clinker 
loosened and withdrawn, then draw the fire to the front of the 
grate, loosen the clinker at the back and withdraw it over the 
fire ; subsequently level the fire with the " devil," and fire on 
lightly at intervals until the fire has attained its normal 
thickness.* 

Before starting to clean fires it is most necessary to shovel the 
coal away from the stokehold plates immediately in front of the 
furnaces to be cleaned, as otherwise good coal will become mixed 
up with burning' clinker and be lost. The petty officers and 
stokers should be trained always to keep the stokeholds swept 
up and the coal for the boilers lying along the plates in an 
orderly line in front of the furnaces. As previously recom- 
mended, not more than one skid of coal should be kept in front 
of each boiler, so ensuring, in addition to a neat and orderly 
stokehold, that the coal will be used more economically ; more- 
over, a clean platform for the men to work on will be provided, 
and the fatigue of stokehold watchkeeping will thereby be 
decreased. 

Scraping Bottoms of Tubes. — It will be found, especially after 
the ship has been under way for some time, that a considerable 
amount of scorise will attach itself to the lower portions of the 
generator tubes, especially those which are nearest the fires. 
This can either be removed by small scrapers specially made 
for the purpose, or by using old steel wire-ribbon brushes which 
have become too much worn for cleaning the interior portions of 
the boiler tubes. 

It is desirable to open only one smoke-box door in one boiler 
at a time, for the purpose of using either the scrapers or the 
tube brushes. These instruments are inserted in the triangular 
spaces between the lower junction boxes, and are then worked 
backwards and forwards against the dirty lower parts of the 
tubes. This operation must be quickly performed, because the 
steam pressure in the boilers will drop if the smoke-box doors 
are kept open too long. 

Sudden Stoppage of the Engines. — Whenever it is necessary 
to ease or stop the generation of steam in the boilers, owing to 
sudden stoppage of the engines or other causes, this can be most 

* It should be noted that some engineers prefer, when steaming easily, 
to clean fires in a different manner, as follows : — 

The fire being burnt low, the grate is completely cleared by means of the 
"devil" and rakes, the furnace is then laid and primed with fresh coal, 
and the fires are lit up with glowing fuel taken from an adjoining furnace. 
The operation is carried out with great smartness, and the steam stop valvo 
on the boiler is not shut off. — ^Author. 
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effectually done by opening the smoke-box doors and closing up 
the doors of the ashpits. 

Banking Fires. — It is not advocated that the practice of 
banking fires should be frequently indulged in, but, whenever it 
may be necessary to do so, the fires should be banked well at 
the back of the grate. 

Brickwork. — The brickwork of the furnaces of boilers should 
be periodically examined by the petty officers on watch in the 
boiler-rooms, in order that no damage may occur to the boiler 
casings in the event of the brickwork being defective. In such 
cases the boiler should be put out of use and repaired. 

Sweeping Tabes. — ^At sea, when under steam, the tubes of 
both generators and economisers are swept by means of an air 
jet, supplied through a nozzle and flexible hose attached for this 
purpose to the delivery pipes of the air-blowing engines or gas 
mixers. The nozzle is inserted between each row of tubes in 
succession, and the soot is blown up the funnels. The air hose 
for this purpose should be at least 2 inches in diameter. 

In harbour, when the boiler fires are extinguished, all deposits 
of soot should be cleaned out of the uptakes, and the exteriors 
of the tubes of the economisers and generators should be swept 
by brushes and thoroughly cleaned. 

Smoke Baffles. — After the operation of sweeping by brushes is 
completed, it should be the practice to inspect the perforated 
smoke baffles which are fitted in certain positions in the tube 
nests of the generators, in order to see that they are in good 
condition and in their proper places. Each generator tube 
lying in the horizontal row upon which the smoke baffles are 
placed is fitted with a ring or collar, shrunk on to it, and each 
baffle is fitted with a lug at one end, the lug on the plate resting 
upon the ring on the generator tube when the baffle is in its 
proper position; gauges may also be made for measuring the 
distances of the baffles from the respective fronts of the boilers 
as a readier means of determining whether the baffles have been 
shifted from their right places. The correct position of the 
baffles should be indicated in the drawings of the boilers sup- 
plied to or made by the ship's staff. 

These perforated smoke baffles are fitted for the purpose of 
intercepting the furnace gases and causing them to take a more 
sinuous path in their passage from the grate, through the nests 
of tubes, to the funnels ; they also assist to mix the furnace 
gases. It will thus be seen that a proper disposition of the 
smoke baffles adds considerably to the efficiency of the boilers 
and reduces the coal consumption. 

Harbour Baffles. — When the boilers are in use for auxiliary 
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purposes in harbour, the rate of combustion is generally low, 
and it has been found economical of fuel and beneficial as 
regards the production of smoke to fit additional portable baffles 
on the tops of the generator tubes, leaving only a space about 
1 foot wide at the front end of the boiler for the passage of the 
furnace gases. A saving of 15 to 20 per cent, of fuel has resulted 
in some cases. 

Sediment-boxes. — ^When steaming, especially if the boilers are 
new, it will be found necessary to frequently blow through the 
feed float-boxes and the sediment-boxes, as a large amount of 
muddy deposit from tube joints and from lime used in the 
boiler water usually accumulates in these boxes. If this 
deposit is not blown out, it might either collect under the feed 
float and interfere with the proper feed supply to the boiler, or 
it might reduce the circulation of water, or form a deposit in the 
interiors of the generator tubes. 

Under normal conditions it will be sufficient to open and shut 
the blow-ofl* cocks not more often than once a watch, and they 
should be shut immediately after they are opened, in order to 
save water. 

Corrosion. — This is generally due to the accidental introduc- 
tion of sea-water into the boilers, or to the presence of air in the 
feed-water, or to impurities in the feed-water such as the oil 
from the engines which may escape the feed filters ; and, 
again, to faulty treatment when the boilers are out of use. 
These causes should, therefore, be eliminated as far as is 
possible. 

Lime. — It is the practice to use a certain amount of slaked 
lime in solution with the feed- water in order to check corrosion 
in the boilers. The amount of lime used depends upon the 
state of the feed-water. It is necessary that the lime should be 
of good quality, dry, and finely powdered. It should be supplied 
and kept sealed up in air-tight tins until required for use, as 
otherwise it will rapidly deteriorate by exposure to the atmo- 
sphere, and become useless. 

Lime Tanks. — In ordinary practice a lime-mixing tank is 
fitted in connection with the main feed delivery system, and 
about 2 lbs. of lime per day are introduced into each boiler in 
use. It will be advantageous that the lime, before being placed 
in the tank, should be well mixed with water ; it should then 
present the appearance of milk, with no solid particles in sus- 
pension in the water; it should be introduced into the mixing 
tank in small quantities at frequent and regular intervals, 
continuously rather than intermittently. 

Alkalinity of Boiler-water. — In order to properly fix the 
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amount of lime required, the V)oiler- water must be frequently 
tested both for alkalinity and for density, and it is desirable to 
maintain the water in the boilers in a slightly alkaline state, 
due regard being paid to the fact that, if too much lime be 
introduced, it will be deposited upon the inner surfaces of the 
generator tubes and lessen their heating efficiency. 

Sea-water. — If sea-water should be introduced into the boilers, 
it will be necessary to work them at a higher water level and 
to force them, in order to increase the circulation of the water 
and prevent, as far as possible, the deposit of salt on the inner 
surfaces of the generator tubes. It will also be necessary to 
test the density frequently and to keep it as low as possible by 
blowing out. The quantity of lime should also be increased to 
prevent corrosion. 

Leaky Condensers. — In order to prevent the admixture of 
salt-water with the feed-water, it is absolutely necessary to 
keep the condensers tight, and to this end they should be tested 
frequently when the vessel is in harbour. Salt-water not only 
produces corrosion in the boilers, but also makes deposits which 
are difficult to remove, and may possibly cause the tubes to be 
choked and burnt. 

In ships fitted with twin screws, if it is found that the density 
of the boiler-water is rising rapidly and cannot, by means of 
blowing off, be kept as low as Id"" to 20°, it may be advisable, in 
order to prevent choking, burning, or bursting of boiler tubes, 
to stop one set of engines, shut off the leaky condenser, and 
repair it at sea. This is the more important if the condensers 
show defects during a long voyage. 

Density of Feed-water. — The purity of the feed-water can be 
tested by the nitrate of silver test occasionally, and by the 
hydrometer; and it should be an easy matter to locate the 
cause of any impurity which may exist. If the condenser tubes 
are leaking to any extent, the density of the water in the 
boilers will rapidly rise. Owing to the small amount of water 
contained in a Belleville boiler and its rapid rate of evaporation, 
much more danger exists of damage to the boilers from this 
cause than to the cylindrical type of boilers. The density 
should, therefore, be carefully and constantly recorded. 

Feed Regulators. — The spindles of the feed-regulator valves 
must be kept clean and dry ; they should receive attention two 
or three times in each watch, and the valve lever should be 
pulled and tested occasionally to see that the valve is free and 
the regulator in an efficient condition. The covers of the feed 
regulators, when not in use, should be removed occasionally 
to clean any deposit out of the bottoms of the feed. float-boxes 
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A blow-off cock is fitted to this cover to allow the float-box 
to be blown out when in use. If the feed regulator should 
get out of order, it will be necessary to wedge up the top 
lever to keep the automatic feed valve open, and to regulate 
the feed supply by the graduated feed-check cock or valve. 

Fluctuations and Water Level. — It will be found that the 
level of the water in the gauge-glasses falls whenever the 
furnace doors or smoke-box doors are opened, because the rates 
of combustion or evaporation become lessened owing to the 
introduction of cold air into the furnaces and the generator tube 
nests, in which case the feed regulator will come into operation 
and the desired height of water will be automatically obtained. 

If it happens that the water level in the boilers is becoming 
gradually higher, after some considerable use of the automatic 
feed apparatus, it will generally be found that either the auto- 
matic feed valves have become worn and need refitting, or that 
the feed float is leaking through the joint of the top rod. 

Shortness of Water in Boilers. — ^As long as water is visible in 
the gauge-glasses, the boilers may be relied upon to generate 
steam safely, but, should it become too low, warning will 
generally be given by the melting and blowing out of the 
bottom rows of fusible plugs. If the water disappears from 
the bottom gauge-cock on the float-box, the ashpit doors should 
be immediately closed to check generation of steam. All furnace 
and smoke-box doors should also be shut, and the generator 
tubes should be examined through the sight-holes of the smoke- 
box doors to ascertain whether they are red and overheated. 
If the tubes are black and there are no signs of overheating, the 
cause of the low water level may be due to some obstruction or 
defect of the feed system ; but, if this cannot be at once dis- 
covered and remedied, the flres should be pushed back off the 
grate and the boiler shut off and allowed to cool down, the feed 
check valve being allowed to remain open. If, however, the 
tubes are red, the feed check valve should be shut off to prevent 
a subsequent flow of feed-water starting leaks in the screwed 
joints, <&c., of the tubes; all smoke-box, furnace, and ashpit 
doors should be tightly closed and the fires allowed to die out, 
the pressure in the boilers being eased off by the safety valves 
as found necessary. 

Fusible Plugs. — Small fusible plugs, made of lead, are inserted 
in the front junction boxes of the third row of tubes from the 
bottom of the elements and also in the front upper boxes of all 
elements. These plugs are made slightly taper and are about 
1^ inches long, their greatest diameter being about -^ of an 
inch. The hojes in the junction boxes which receive the plugs 
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are tapped with a taper tap. The plugs are inserted hj a 
special tool. Experience shows that it is best to anticipate the 
natural decay of the lead plugs and to renew them about every 
six months, on such occasions as the opening of a boiler for 
examination and cleaning. 

The object of fitting the plugs is to give warning of the 
overheating of a tube due to shortness of water, and thereby to 
admit of precautions being taken which will prevent damage to 
the boilers. 

The plugs can be renewed whilst steam is up, a special tool 
being supplied for the purpose. Plugs are said to be more 
durable if made of solid drawn wire; special presses are supplied 
for the manufacture of the plugs. 

An unduly low water level may cause a plug to melt, or it 
may occasionally blow out from imperfect fitting or decay. If 
the water level be found to be too low, the boilers should be 
shut off, as explained in the preceding paragraphs. If the 
water level is not too low and a plug blows, it will be noticed 
that a jet of steam and water mixed, or of water only, will issue 
from the plug-hole ; if the water is too low, an escape of steam 
only will take place. In any case, before opening a smoke-box 
door to replace a plug, it is necessary to examine the generator 
tubes through the sight-holes. If overheating has been the 
cause of the blowing of the plug, the tubes will be either red or 
the soot deposited on them will be burning. If there are no 
signs of overheating and there is no doubt about the water level 
of the boilers, the smoke-box door can be opened and a new plug 
inserted by the plugging tool. 
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Fig. 108. 



a, 2" X 2" X tV> angle steel. 
6, §" plate, steel. 



c, a steel-wire rope, 1 J'' in circum. 
dy a copper plate. 



Tubes. — It is found that the lower rows of the generator 
tubes become bent, sometimes upwards and sometimes down- 
wards. A slight bend is not of much importance ; but, if the 
distortion is excessive, the tubes should be straightened by the 
special apparatus provided for the purpose, as shown in Fig. 108, 
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or, if this is not available, by improvising a similar arrangement : 
supporting the ends of the tubes in order to prevent injury to 
the screwed joints at the junction-boxes, and pulling them down 
in the middle by a stretching screw; or jacking them up if bent 
downwards. The cone joint at the bottom of the elements is 
made water-tight by using nickel washers between the junction 
box and the nipple of the feed collectors. If the bottom tubes 
are bent, there will be a tendency for the nickel joint to leak or 
break. It is usual to place two nickels, one over the other, 
between the coned surface of the bottom junction-box and the 
nipple of the feed collector. 

Examinations. — The interiors of the economiser and generator 
tubes must be examined occasionally, as deposits accumulate in 
their lower portions, and, if not removed, wUl cause corrosion, 
overheating, and possibly burning. Special steel ribbon brushes 
are provided for cleaning out the interiors of the tubes, and zinc 
angle bars and strips are also supplied for insertion in the 
economiser tubes with a view to the prevention of corrosion. 
These zinc angles and strips require occasional cleaning, and 
should be renewed when worn. 

Gleaning Interiors of Tubes.— When a boiler is opened for 
the purpose of cleaning out the deposits from the interior of the 
economiser and generator tubes and from the feed collectors and 
sediment- boxes, it will be found to expedite the process of 
cleaning should there be a deposit of any thickness on the tubes, 
if the boilers are emptied gradually, one row of tubes horizon- 
tally at a time; the scale or deposit is then kept in a moist 
state and is more easily removed than if it is allowed to dry and 
harden on the inner surfaces of the tubes, as would be the case 
should the boilers be opened out thoroughly and dried before 
the process of cleaning out the tubes has been commenced. 

It should be remembered that^ the cleaner the tubes are kept, 
the better will be the steam generation and coal economy, and 
the less the risk of bending the tubes. 

Washing out Tubes. — Before closing up boilers after the 
tubes have been cleaned and brushed through, it is beneficial to 
wash them through from top to bottom of the elements with 
fresh water, if it can be procured, in order that all deposits of 
dirt and scale may be removed, and to ensure that no obstruc- 
tions exist in the elements. The tubes should be thoroughly 
inspected by passing an electric lamp, specially supplied for the 
purpose, through them to ascertain whether any corrosion exists 
and that they are properly clean. 

Smoke -box Doors and Casings of Boilers. — The smoke -box 
doors are made air-tight by means of a soft asbestos cord held in 



340 ENGINE-ROOM PRACTICE. 

a groove, which envelops the whole of the front portions of the 
economiser and generator element boxes. When the smoke-box 
doors are closed, the clips on the doors press the surfaces at 
their edges tightly on to the asbestos cord, and so prevent the 
entry of air which would spoil the draught. The asbestos cord 
becomes hard in time, and will require renewal. 

An examination should be made after every steaming of all 
smoke-box doors and of all doors either on the inner or outer 
casings of the boilers or uptakes ; the casings themselves should 
also be examined in order to ascertain whether any air-leaks 
occur in the doors or joints, any of which should, if possible, be 
made good before the boilers are again used. It is also neces- 
sary that the smoke-box doors, casing doors, casings, and the 
furnace and ashpit doors of all boilers not alight, but which are 
connected to the funnels of boilers that are alight, should be air* 
tight. Any neglect of these precautions will not only check the 
draught in the boilers that are alight, but will, by admitting 
air into these boilers above the generator tubes, cause combus- 
tion to take place at the base of the funnel and in the upper 
portions of the boiler casings, thus causing flaming at the tops 
of the funnels, destruction of inner casings, difficulty in keeping 
steam, and excessive fuel consumption. 

Brickwork. — After a voyage, and when the uptakes and tubes 
of the boilers have been brushed down and cleaned, an oppor- 
tunity should generally be found for cleaning out the air 
channels in the back brickwork of the furnaces, and of repairing 
any defective brickwork. Attention should also be given to the 
backs of the boilers, and any soot or scorise which may be found 
lodging at the backs between the junction boxes and the boiler 
casings should be removed by scrapers made for the purpose, as 
otherwise such accumulations may cause damage to the back 
casing, or, in course of time, harden at the backs and so prevent 
the generator tubes from expanding in that direction where 
steam is being raised, thus causing bending of the tubes, dis- 
tortion of the feed collectors and probable leaks at the nickel 
joints of the bottom boxes of the elements, and also a tendency 
to pull the elements off the rollers which support them at the 
back. Fig. 109 shows, on the left, the position taken up by a 
dropped tube, and, on the right, a special cast-iron chock fitted 
to support the tube when it slides forward. 

Flap Valves in Downcomers. — The flap valves situated at the 
top of the sediment-boxes near their junctions with the " down- 
comer '' tubes should always work freely ; if they are allowed to 
" set up " they may possibly either wholly or partly close the 
downcomer orifice and so prevent a proper water supply to the 
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elements. These valves must be overhauled frequently; the 
bottoms of the sediment-boxes should also be opened out and 
cleared at the same time. 

Asbestos Rings. — The tube-box doors are jointed with asbestos 
rings of good quality, usually of three thicknesses of wire- woven 
asbestos sheeting; if the rings are of inferior quality they 
invariably leak. As a rule, even the best quality rings cannot 
be used over again, and new rings must be fitted when the 
doors are being rejointed. 







Fig. 109. 

In obtaining asbestos rings, care should be taken to see that 
they fit tightly around the spigots of the doors. If they fit 
loosely there is a probability that they will be pressed out and 
off the faces of the door joints when the doors are being 
tightened up, and, consequently, the doors will leak as soon as 
they are subjected to the boiler pressure. In preparing tem- 
plates for these rings it will, therefore, be an advantage if the 
dimensions are slightly smaller than the actual measurements 
of the spigots of the doors, so that the rings may be stretched 
on in place. The rings should be made without any joints in 
the material, and are now manufactured in this manner. 

Water Test. — ^After closing up boilers it is advisable before 
raising steam to fill the boilers full of water and apply a 
pressure equivalent to the safety-valve load, by the feed pumps ; 
this will give an opportunitv of discovering and remarking any 
leaky door joints before the boilers are actually required for use* 
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Preservation of Boilers. — When boilers are not required for 
use they are best preserved by keeping them quite full of water 
at a slight pressure, say 5 lbs. per square inch ; they should be 
pumped up directly after steaming, so that any air that may be 
contained in the feed- water will become heated and will escape 
from the boiler through the air cock at the top of the steam 
collectors. In all cases the water in the boilers should be main- 
tained in a slightly alkaline condition, and lime in solution 
should, therefore, be supplied with the feed-water when filling 
up the boilers in the same manner as explained previously in 
this chapter. 

If it is desired to keep the boilers full of water and out of use 
for a considerable time, it should be ascertained at least twice a 
week that the water has not leaked away from the boilers ; the 
air cocks should then again be opened, and the feed pumps 
applied until it is certain that the boilers are again quite full. 

If it is not practicable to keep the boilers quite full of water, 
for instance if they are required to be kept empty for repairs or 
examinations, they should be thoroughly dried out as soon as 
possible after being opened and cleaned. 

Boilers. — Boilers should never be allowed to remain for any 
length of time only partly full of water ; such treatment will 
leave a portion of the tubes exposed to damp and corrosion in 
their interiors. Airing stoves, placed in the furnaces under- 
neath the generator tubes, should be used for the purpose of 
drying the boilers and also for keeping them dry afterwards. 

Packing. — A special kind of packing, composed of granular 
white metal, mixed with mineral grease and plumbago, is used 
for the glands of the spindles of the automatic feed valves, and 
also for those of the steam stop valves. It is known as '* Belleville 
anti-friction packing,'' and is supplied in two varieties — viz., 
fine and coarse— either in tins, or enclosed in a skin of woven 
cotton, in which latter case it is known as '^ sausage packing" 
from its shape. The sausage packing is supplied in various sizes 
and diameters to suit any glands, and is composed either of the 
fine or the coarse varieties, or of a mixture of them. 

Vulcanite Rings. — Special vulcanite rings of various sizes are 
also supplied with this packing ; the object of the vulcanite ring 
being to fit tightly around the rods at the top and bottom of the 
stuffing-boxes of the glands, and so prevent the particles of 
Belleville packing from being squeezed through. In order to 
ensure successful working, too much care cannot be given to the 
accuracy of fit of these vulcanite rings around rods or spindles. 
In the piston-rod and slide-rod glands of small engines and in 
steam stop- valve gland Si if vulcanite rings are not available, a 
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tightly-fitting turn of asbestos packing at the top and bottom of 
the glands is an efficient substitute for the vulcanite rings, but 
the latter appear to be absolutely necessary in the stuffing-boxes 
of the automatic feed valves, also in those of the reducing valve 
spindles of the main engines. 

Belleville Packing Substitntes. — Of late years a substitute for 
Belleville anti-friction packing has been manufactured by the 
Admiralty Authorities and by Naval Engineer Officers them- 
selves, which gives as good results as the Belleville packing. 

This packing is manufactured as follows : — Lead is melted 
and poured through a wire-gauze sieve of 40 mesh held 1 inch 
or so above a pan of water. The globules so formed are sifted 
to separate those above ^ inch in diameter, the larger of the 
globules left are separated by rocking in a trough containing 
water, and are then mixed half and half with those above ^ inch 
in diameter. A greasy paste is made, consisting of 1 part 
black lead to 1 part of mineral oil by bulk, and this paste is 
mixed with the lead globules in the proportion of 10 parts of 
metal to 1 part of greasy paste. The packing so formed is then 
filled into convenient sized cylindrical casings made of canvas. 

Gauge Glasses. — These fittings gave considerable trouble in 
the earlier types of Belleville boilers, as the glass tubes used 
broke frequently, until an improvement was made in the method 
of packing them, which has practically overcome the original 
difficulties. They are now packed with specially made hexagonal 
washers composed of a mixture of asbestos fibre, mineral grease, 
and black lead. A closely-fitting india-rubber ring is enclosed 
at each end of the gauge-glass tube between two of these 
hexagonal washers, and the whole is screwed up by the nuts at 
the top and bottom of the gauge mounting, the nuts being just 
" hand taut " when screwed down to their final position. 

Gauges made of talc were tried as a substitute for the glass 
tubes, but the talc became laminated and opaque, and was 
discarded. It is now the usual practice to fit one of the water 
gauges with a glass tube, and the other water gauge on each 
boiler with a window-frame mounting, and this arrangement has 
proved satisfactory. 
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Engine-room practicil 



With the view of affording assistance to officers concerned in 
the management and working of Babcock <k Wilcox, Nicbiusse, 
and Yarrow boilers, my Lords Commissioners of the Admiralty 
are pleased to direct the following instructions to be issued : — 

Baboook & Wilcox Boilers* — Eaising Steam. — The boilers 
should always be filled with clean fresh water, or distilled water, 
and steam should be raised slowly when the brickwork is new ; 
at other times, if the service require it, steam can be raised as 
quickly as the fires can be got to work. 

Whilst the boilers are being heated, attention should be 
devoted to all the boiler fittings and feed arrangements, to see 
that they are in good working order, and special care should be 
exercised in tightening up again, with the special spanner pro- 
vided for the purpose, any handhole fittings that may have been 
taken off for examination or cleaning. 

After steam is raised,' the boilers should be connected up with 
care, and the main stop valves opened very slowly ; the opening 
of the stop valves to be just to that extent which shall give a 
small amount of wire drawing to the steam, but not to contract 
the area of opening sufficiently to cause any considerable loss of 
pressure between the boiler and the engines. 

Firing, — To maintain a steady steam pressure and ensure 
economical working, it is necessary to fire at equal intervals of 
time, the method usually adopted being to number the fire-doors 
as per sketch and to fire through each opening in order of 
numbers at equal intervals. 
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Fig. 110. 

As a rough guide of what should be done, it has been found 
that for maximum continuous steaming with good Welsh coal, 
from three to four good shovelsful at a time should be thrown, 
through one fire-door opening on each boiler every two and a 
half minutes. The number "One" fires of all the boilers to be 
fired in rapid succession one after the other, one door only to be 
open at a time~^two and a half minutes afterwards the number 
"Two "fires in all the boilers to be fired in rapid succession; 
two and a half minutes after that, the number " Three " openings, 

* See the Admiralty circular letter of 25th July, 1904. 
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and so on. This may be conveniently arranged with a clock in 
each firing-room — each clock set a little in advance of the other, 
so as to have as few fire-doors as possible open at one time. 

If a higher rate of steaming is required, it is preferable to 
decrease the interval between firing, rather than add largely to 
the quantity of coal pat on at a time. 

For ordinary service the number of boilers in use should be 
arranged for at a rate of combustion of from about 15 to 18 lbs. 
of coal per square foot of fire-grate per hour, with fires from 4 
to 5 inches thick, and no air-pressure in the stokehold. With 
an air-pressure in the stokehold of half-an-inch of water, the 
fires should be from 6 to 7 inches thick. 

The fires should be kept free of the dead-plates, so that the 
furnace door baffles shall not become over-heated. The amount 
of opening of the ashpit doors should be kept as small as 

Possible, and great attention should be paid to this point, as the 
est results are obtained with an excess draught checked at 
the ashpit. 

The coal must be well broken up and thrown on the fires 
quickly, the largest lump being not greater than a ball of 4 
inches diameter. The furnace doors should not be left open 
longer than is necessary, so as to prevent too much cold air 
getting into the furnaces. Two men should be employed for 
the operation of firing ; one to put the coal on, and the other to 
open and close the furnace door in the intervals between 
separate shovelsful. When a furnace door is opened for firing, 
the stoker should see at a glance where coal is required, for the 
flame and smoke caused by the first shovelful, as soon as it is 
thrown in, prevents the exact condition of the fire from being 
afterwards seen. A sharp look-out should be kept for any 
thinning of the fires at the sides and between the furnace doors, 
and, in order to prevent this, the fire near the brickwork should 
be kept rather thicker than that of the remaining area. The 
stoker should learn to distribute the coal over the grate so 
uniformly with the shovel that it will be unnecessary to level 
the surface with the rake or slice. A rake has only to be used 
when a fire has become too thick on one part of the grate and 
too thin on another. 

Under natural - draught conditions of steaming, the same 
amount of coal should be burnt in each furnace, and, as it 
frequently happens that some furnaces have a better draught 
than others, the draught plates should be regulated accordingly. 
In order to maintain fires of uniform thickness under forced 
draught, fires which get greater draught should be supplied 
with more coal in order to keep them of even thickness and free 
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from holes; the maintenance of a steady output of steam under 
forced draught should be effected by the speed of the &ns and 
not by the ashpit draught plates. 

The ashes in the ashpits should be removed as often as 
convenient, as they interfere with the draught and injure the 
fire-bars. 

It is important for the most effective combustion and economy 
that the fires should be kept light and level, thus enabling the 
combustion to take place in the fire-box itself, preventing as 
far as possible the sooting-up of the tubes and flaming in the 
uptakes and funnels. 

Cleaning the Fires, — When steaming at powers exceeding 60 
per cent, of the full power, only half the grate surface of a boiler 
should be cleaned at a time, the fires of the other boilers being 
forced more heavily if necessary. The fire on half a grate 
should be burnt down, clinkered, and re-charged. When the 
fire on this half has again become bright, the other half should 
be cleaned in the same way. 

For the development of powers below 60 per cent, of the full 
power, the number of boilers in use should be sufficient, with an 
average rate of combustion of about 20 lbs. of coal per square 
foot of fire-grate, to allow of one boiler at a time being burnt 
down for cleaning purposes. 

At all rates of combustion the fire-bars must be kept free 
from clinker by the frequent use of the slice in the intervals 
between the cleanings of the fires. 

Feeding. — The feeding must be done uniformly, and not 
irregularly. 

When getting under way, commence by opening all the feed 
check valves a little and to the same extent, also try through 
all the water gauges. 

Should it so happen that the feed-water ceases to flow for a 
short while owing to the pump ceasing to feed, the combustion 
should at once be checked by closing the ashpit doors and 
immediate steps taken to put on the auxiliary supply. 

Steps should also be taken to ascertain by working the float 
lever that the regulator is not at fault. 

Water Level, — ^The water level should be kept between i and 
f glass when under way; when the boiler has the ashpit aoors 
shut, and is doing no work, about 2 inches in the glass is sufficient. 

The handle of the automatic feed regulator should be moved 
about once a day so as to ascertain whether the float is working 
freely, and, at least every three months, the float lever and 
piston of the automatic feed apparatus should be taken out^ 
examined, and cleaned. 
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Automatic Feed Begulator. — All the boilers are fitted with an 
automatic feed regulator composed of a revolving piston valve 
actuated by a float, and controlling the feed supply, the object 
of the apparatus being to automatically control the admission of 
feed-water to the steam generator. 

With the Babcock & Wilcox feed regulator, the working 
water level of the boiler may be adjusted by moving the piston 
valve lengthways, by an adjusting screw in accordance with an 
index, which is attached to the screw itself. By this operation, 
owing to the ports being cut diagonally both in the piston valve 
and liner, the position of the cut-ofif is altered ; there is also a 
handle attached to the regulator, by which the free movement 
of the float can be ascertained. 

As the regulators are only intended to level the feed- water 
when the boilers are at work, it is necessary, when the boilers 
are shut ofi^, to close the feed supply by using the hand check 
valves. 

Feed -water Temperalnire, — The temperature of feed -water 
leaving the main condensers should not be allowed to fall below 
120* while fairly under way, and for the auxiliary condenser a 
slightly higher temperature will be beneficial; this will not only 
tend to economy, but prevent the absorption of so much air by 
the water, thus promoting the preservation of boilers and pipes. 

Blotving Down and Scummmg. — When under steam and the 
water in the boilers is fresh, they should be blown down once a 
watch; for this purpose the blow-off cock on the mud drum 
should be opened wide and quickly for about two seconds, and 
then closed quickly. After waiting about one minute, this 
operation should be performed a second time. This removes the 
oil and lime deposited in the mud drum. 

Never open the blow-off a small amount for a long time, in 
order to blow out, as this procedure may choke up the valve 
or cut the faces and cause leakage. 

If the gauge glasses show that oil is present in the steam 
drum, the scum cocks should be used occasionally. 

Steaming at High Power — (1) With Natural Draught, — When 
the order for full speed is received, open the ashpit doors and 
back dampers, charge the grates more frequently, but at regular 
intervals and using an equal amount of fuel at every charge; 
the amount to be such as shall keep the layer of the fire on the 
grate quite uniform and not more than 5 inches thick. 

If necessary, equalise the layer of fuel with the fork or rake 
after three or four complete cJiarges of the whole grate surface. 

If the fires become too dirty, raise the clinker with the slicoi 
and remove It quickly. 
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To resume the ordinary speed, it will be sufficient to reduce 
the opening of the ashpit doors, and to increase the interval 
between the firings. 

(2) With Assisted Draught, — When the natural draught is 
not sufficient^ the fans should be started, either to assist the 
natural draught with an open stokehold or, if required, with 
the stokehold closed. 

Action to be Taken if the Engines are Suddenly/ Stopped. — 
If the steam requirements are suddenly greatly diminished or 
altogether stopped, the rate of combustion must also be 
diminished ; to do this, close all back dampers and ashpit 
doors, and, if this is not sufficient, slightly open the furnace 
doors. The action of opening the furnace doors, however, must 
be done gradually, to prevent any too sudden cooling of the 
heating surfaces, and should not be resorted to unless abso- 
li\tely necessary. 

A further decrease in the production of steam can be brought 
about by increasing the feed, but it must not be overlooked that^ 
when the engines are again started, the water level will tend to 
rise, so that the boilers must not be allowed to get too full. 

Filters. — Care should be taken that the filters for filtering the 
feed- water are kept in good order and clean, for, if the cloths 
are allowed to clog, grease will pass through and obtain access 
to the tubes. 

Cleaning the Fire Side of the Tubes under Steam. — If water 
is not used in the ashpits, it will only be necessary to clean the 
fire sides of the tubes under way on long runs ; for instance, 
after three or four days' continuous steaming at 60 per cent, of 
the full power. 

The tubes can be cleaned by a steam or air lance while the 
boiler is at work, or, in some Babcock <fc Wilcox boilers, by a 
fixed apparatus. The lance is inserted between the tubes 
through the doors at the sides of the casings, but in some 
boilers it is used between the headers from the fire-door end. 

Cleaning by means of steam or air lances should only be 
done when the fires are actively at work, and then care should 
be taken that the lance is well blown through before it is 
applied to the tubes; if this precaution is not taken, the soot 
on the tubes will be wetted and will cake. 

Scorise which accumulate on the bottom row of tubes can 
be removed, as far as practicable, by scrapers when the fires 
are being cleaned. 

Corrosion, — To preserve the boiler from corrosion, the water 
therein contained should always — whether at rest or working — 
be kept alkaline by the introduction of lime. 
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Lime partially amalgamates with any oil present, thus facili- 
tating the deposition of grease either in the filters or feed 
tanks. Great discretion, however, should be exercised in the 
amount of lime used. So far as possible, only lime in solution 
should be allowed to enter the boilers, as the solid particles 
increase the amount of deposit in the tubes. 

Shutting Off a Boiler. — When a boiler is to be shut oflf, all 
accumulations of dirt should first be removed by use of the blow- 
out valves, and the boiler should then be pumped up again to the 
usual level, unless it is to be emptied to carry out any repairs. 

If the boiler is to be out of use for some time, it should 
be pumped full for preservation. 

Meantime the fire is allowed to burn down slowly, so that 
the circulation in the boiler may be kept up as long as possible 
to prevent any dirt still remaining in the water from settling 
in the lower tubes. 

After the fires have been drawn, the grates and brickwork of 
the furnaces should be thoroughly cleaned, the ashes should 
then be drawn, and the ashpanjs emptied of water, and cleaned. 
Blowing out the boilers should not be resorted to as a general 
practice. 

Regular Inspection, — Whenever a boiler is put out of use, an 
external inspection of the lowest rows of tubes and of the brick- 
work in the furnace should be made. 

Defective places in the brickwork should be repaired as soon 
as possible, and special care should always be taken that the 
protective arches over the furnace doors are kept in good 
condition. 

The curvature of the lower tubes should be frequently observed. 
A curvature of f inch is almost always a sign of either internal 
fouling sufficient to interfere with the proper conduction of heat, 
or the presence of oil which, although perhaps only sufficient 
to form a very thin layer over the inner surface of the tubes, 
may be quite enough to cause a considerable curvature to take 
place. It is usually desirable to consider the removal of the 
tube should a curvature of 1 inch be exceeded. 

Under such circumstances, immediate cleaning of the interior 
of the tubes is necessary. 

The ends of the lower tubes should be carefully examined for 
signs of leakage, and if any such signs appear they should be at 
once investigated and any defect remedied. Should the leakage 
be sufficient to necessitate rolling, the tube rollers should be 
used as lightly as possible. 

The soundness of the whole lagging on the boilers should be 
examined, and any loose plates repaired. Special care should 
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be taken that the casing doors fit well on their framing and the 
snecks for securing them act efficiently, also that the asbestos 
packing between the headers is in good condition, thus pre- 
venting any excess of cold air entering the boilers and causing 
a loss of draught and efficiency. 

Preservation of the Boiler. — The boiler when not under steam, 
or open for examination, is to be kept quite full with fresh 
water, the boiler being pumped up within twenty-four hours 
of completion of steaming, and so kept to within twenty-four 
hours of again being so required. 

If the boiler is to be examined within a few days after com- 
pletion of steaming, the water should not be allowed to 
remain at working height, but the boiler should be pumped 
up as directed above. 

When it is necessary to open out the boiler for examina- 
tion, it should be emptied and carefully dried to prevent 
corrosion, and kept dry by means of airing stoves alight in 
the furnaces. 

In pumping up boilers, care should be taken to ensure the 
water being distinctly alkaline, by adding an additional quantity 
of lime to the feed-water previous to pumping up. 

Specal attention should be paid to ensure that boilers at W.W. 
are kept quite full. 

The shrinkage of the water by cooling, or any loss by leakage, 
is to be made up by the hand-pump daily until it is certain, 
by reason of water issuing from the air cock on the highest part 
of the boiler at the first stroke of the pump, that the boiler is 
quite full. Any subsequent loss of water is to be made up once 
a week. 

As a rule, the outer surfaces of the tubes are galvanised and 
so protected from rusting. It is desirable, in cases where the 
zinc coating has been burnt ofiT the lower tubes, to protect 
the surfaces exposed to the fiame by a coating of blacklead 
and water. This coating will not only protect the surfaces of 
the tubes, but will also prevent ash and clinker forming on them. 

Funnels which are not in use are to be kept covered. 

In cold weather the temperature of boiler-rooms, and of water 
in boilers which are quite full, must not fall below 40* F. 

In commissioned ships, all the boilers are to be thoroughly 
examined internally and externally once in each quarter, even 
though steam has not been raised since the date of the last 
examination. It is important that the connections of the zinc 
protectors be kept efficient. 

Internal Gleaning, — The two lower rows of tubes should be 
cleaned as frequently as possible, the upper rows at varying 
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intervals, the length of which is to be determined on examining 
the boilers from time to time. 

Should the sediment in the lower tubes be of a soft nature, it 
can be removed by means of the stiff wire brushes which are 
supplied. If the brushes are not capable of removing the scale, 
the hand pushing scrapers should be used. 

If scale of a nature requiring the use of the turbine, or other 
suitable cleaner, be found in the tubes, its removal will be 
facilitated by first boiling out with a strong solution of soda, 
which will have the effect of softening the scale ; the formation 
of such a scale, however, can only be caused by abnormal 
conditions. 

To do this, allow 1 lb. of soda for every 30 square feet of 
heating surface, and boil for at least twelve hours, allowing the 
steam to blow off through the safety valves at about 40 lbs. 
pressure ; the water level while boiling out should be about 1 
inch above the scum pan. Every two hours an inch of water 
in the gauge should be blown out through the scum cocks, 
which should be kept wide open until the steam blows through. 
The bottom blow-off cocks should also be opened wide for about 
10 seconds after the scum cocks are shut off and the water has 
regained its normal level, the loss to be made up with fresh 
water. 

After the boiling out is finished, draw the fires, and let the 
boiler cool down ; when suflBciently cooled, lower the water in the 
boiler until the steam collector is empty, and clean that part 
thoroughly. Then lower the water in the tubes gradually; take 
off the caps from the front and back headers, and clean the 
tubes out thoroughly whilst the deposit is in a wet state. 
Clean each row of tubes successively in the same manner, 
working downwards until all are finished ; then take the hand- 
hole fittings off the sediment-box and the auxiliary sediment- 
boxes, and clean these likewise. All the short tubes connecting 
the headers to the steam collector and to the sediment-box are 
to be cleaned. The headers are to be thoroughly cleaned before 
any tube doors are replaced. 

Any grease or other deposit collected on the walls of the steam 
collectors is to be removed as soon as observed. 

It is important that the external parts of boilers which are 
not under steam be kept dry and clean. 

After the boiler has been closed up, and before steam is raised 
in it, it is to be tested by water pressure to at least nearly the 
pressure at which the safety valves are loaded, and all the joints 
inspected for leakage during the time the pressure is on. When 
steam is being raised in tj^e boiler, tbe door fittings are to be 
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tightened as requisite with the special spanner provided; the 
steam pressure being on the back of the door tends to slacken 
the nuts, and if this precaution be not taken, some of the joints 
may show a tendency to leak. 

Partial internal inspection, the extent of which will depend 
upon the circumstances of the case, is to be made whenever a 
boiler is put out of use after a period of steaming, and on other 
occasions as opportunities offer. 

For a partial examination, it is only necessary to remove the 
tube hole doors from the two bottom rows of tubes, and to 
examine these tubes ; if they are in a satisfactory condition as 
regards corrosive action and deposit, it is probable that the 
tubes of the upper rows are also in a satisfactory condition, and 
it will, in general, be sufficient to test this by inspecting only 
one tube in each row taken diagonally across the boiler. 

No boiler is to be closed up until every tube, which has been 
opened out, has been searched, and the other parts of the boiler 
carefully examined by an engineer officer, or by a trustworthy 
and competent chief petty officer. 

On all occasions after steaming, in order to get rid, as far as 
practicable, of any grease or sediment before the fires are drawn, 
water is to be blown out through the scum cocks until steam 
blows through, and the bottom blow-off cocks are also to be- 
opened for a short time. All the tubes are to be thoroughly 
cleaned externally with brushes, as soon as practicable, after the 
fires are out. The fire side of the lowest row of tubes, and the 
furnace brickwork are to be carefully examined. The ashpans 
and bilges under them are to be thoroughly dried out. 

Repairs, — It is very important that the brickwork should be 
kept in good condition, otherwise the casings will suffer. 

A bottom tube can be taken out by cutting a groove in each 
end with a cross-cut chisel, taking care not to damage the tube 
seats. Also cut the tube in the centre from the furnace, with a 
special cutter supplied for that purpose ; then, after closing in 
the ends of the tube, drift each half out separately. 

Should it become necessary, for any reason, to remove an 
upper tube, this can be easily done by closing the ends with a 
cupping and withdrawing tool supplied for that purpose, and at 
the same time driving the tube out. This operation does not 
necessitate cutting the tube in any way, and can be carried out 
very quickly. 

Handhole and Ma/nhole Doors, — ^The manhole doors in the 
steam and water drum, and the handhole doors on headers and 
mud drums, are jointed with wire-woven asbestos rings, which 
should be bls^ckleaded on one side only — i.e., the side next tl^e 
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header. The surfaces of the headers should be cleaned before 
the handhole covers are put on. 

It is very important, after renewing a number of handhole 
joints, that they be screwed up again while steam is being 
raised, as the pressure on the inside tends to make the nuts 
slack, and thus causes the joints to leak. 

The screwing up of these doors should be done by one man 
only, and with the special spanner provided for the purpose, so 
that no more than the necessary and uniform strain may be 
applied. 

Under no circumstances should any greater leverage than 
these spanners themselves provide be applied. 

Banking Fires. — As a general rule, fires should be allowed to 
burn out when the engines are stopped, unless steam is likely to 
be required at very short notice. 

The banking of heavy fires is undesirable, for, with closed 
furnace and ashpit doors, it is liable to cause overheating and 
bending of the fire-bars and bearer-bars. 

When it is considered essential to bank fires, they should be 
pushed to the back of the grate and kept light. 

The boilers should be allowed to cool down gradually, and the 
fire-doors and ashpit doors kept shut. 

Niclausse Boilers* — liaising Steam. — The boilers should 
always be filled with clean fresh water or distilled water, and 
steam should be raised slowly when the brickwork is new; at 
other times, if the service require it, steam can be raised as 
quickly as the fires can be got to work. 

Fires should be kept as thin as possible, and without holes^ 
while raising steam and until the engines are well under way; 
this will guard against steam blowing ofi*, and will also prevent 
the fire-bars from becoming warped and burnt, by the complete 
closing of the ashpit doors, with clean and heavy fires. 

In opening the stop valves of a group, or groups, of boilers, 
the amount of opening should vary according to the distance of 
the boilers from the engines, those farthest from the engines 
being opened the most; the total amount of opening in all cases 
is to be only sufficient to supply the engines with the required 
quantity of steam. 

The lifting gear of the safety valves is to be examined and 
the valves are to be moved off" their seats before fires are 
lighted. After steam has been raised, the safety valves should 
not be moved by hand unless they are leaking, or in circum- 
stances which necessitate the reduction of steam pressure is 
the boilers. 

* See Admiralty Circular Letter of 2l8t June, 1904. 
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The water gauges, steam gauges, and all other boiler fittings are 
to be examined and tested during the time steam is being raised. 

Management of the Fires. — This should be carefully con- 
sidered, as it goTerns the economical use of fuel and the 
efficiency of the boiler. 

Trials made with apparatus having a certain number of 
boilers in use hare shown that the management of the fires, 
and the frequency and amount of the firing, should not be left 
to the discretion of the stokers, to avoid the grates being un- 
equally charged — some nearly empty and others too heavily 
loaded. In either case bad combustion is the result. 

A too heavily loaded grate gives the worst results, for, as 
there is not a sufficient quantity of air, the fuel distils on the 
grate, and the gas produced ignites on combining with the air, 
causing either flaming in the funnels or overheating of the 
uptakes. 

To keep a suitable thickness of fuel on the grates — that is, 
from 4 to 5 inches — it is necessary to adopt a systematic 
method of stoking. 

Systematic Stoking. — ^When there are several boilers distri 
buted in diflerent stokeholds, it is necessary to lay down rules 
for stoking, the object being to ensure economical working, and, 
as far as possible, the same rate of evaporation in each of the 
boilers. 

The two principal points to be considered are — (1) the fre- 
quency of the firing, and (2) the amount of coal supplied. 

As regards the latter, about 28 lbs. may be adopted in 
practice for each charge. 

This quantity corresponds to about two shovelsful when the 
ordinary-sized shovels are used. 

Whatever the speed, the quantity decided on should not 
vary. 

Consider the case of a vessel having four boilers in one stoke- 
hold, each boiler having two fire-doors, making, in all, eight 
doors. Even when combustion is active, with charges of 28 lbs. 
there will be considerable intervals between each firing. These 
intervals are absolutely necessary, in order that only one door 
may be open at a time. Again, supposing these furnaces to 
bum 30 lbs. per square foot of grate per hour, for the four 
boilers — having together 150 square feet of grate — 4,500 lbs. of 
coal would be burned per hour, divided amongst eight fire-doors, 
which would give an interval of about three minutes between 
two consecutive firings by the same door. 

The doors of the furnaces in question being numbered as 
directed, they should be fired in numerical order. 
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For this purpose, the leading stoker every three minutes calls 
out ** one." Immediately the stoker of the first boiler throws 
on his two shovelsful through door No. 1 ; the stokers who have 
charge of doors 2, 3, and 4 fire them directly afterwards, one 
following the other, and are followed by 5, 6, 7, and 8, always 
in such a way that two doors are never open at the same 
time. 



Ist Boiler. 


2nd Boiler. 


3rd Boiler. 


4th Boiler. 


1 


5 


2 


6 


3 


7 


4 


8 



If the number of bcdlers in one group is too great for all to be 
fired in the desired time, fire two doors at a time. For instance, 
in the above case 1 and 3, 2 and 4, 5 and 7, 6 and 8 would be 
opened together. 

Working thus with several furnaces at the same time, the 
fires will be uniform. 

For ordinary service, the number of boilers in use should be 
arranged for a rate of combustion of from about 15 to 18 lbs. of 
coal per square foot of fire-grate per hour, with fires from 4 to 5 
inches thick, and no air pressure in the stokehold. With an air 
pressure in the stokehold of ^ inch of water, the fires should be 
from 6 to 7 inches thick. 

Cinders should not be allowed to accumulate in the ashpits. 

The number of revolutions, the horse-power, and the com- 
bustion of coal for different speeds being known, the combustion 
per square foot of grate can be deduced. 

A table can then be made .with different numbers, each 
corresponding to one of these rates of combustion. Opposite 
each of these numbers will appear the interval between two 
consecutive charges by the same door according to the method 
pointed out above. At each change of speed the engineer officer 
of the watch will then only have to give a number corresponding 
to the speed desired, and, this order being given to all the 
stokers, the fires will immediately burn at the new rate. With 
this method it will be easy to maintain a uniform rate, however 
many fires are employed. 

The following is a model table of stoking drawn up for a 
constant charge of three small shovelsful, equal to 33 lbs. and 
corresponding to various rates of combustion for a stokehold 
having eight doors, the surface of the grate being 150 square 
feet : — 
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liable of Stoking. — Oonstant amount of the charge = 33 lbs. 
or three shovelsful. 



1 

stoking 
Numbers. 


Intenral 
between Firings. 


Consumption of C!oal per Hour. 


Per Door. 


Per Square Foot 
of Grate. 


Per Boiler. 


1 
2 
3 
4 
5 
6 
7 
8 


Minutes. 

11 
10 

9 

8 

7 

6 

6 

4 


Lbs. 

180 
198 
220 
246 
282 
330 
396 
495 


Lbs. 

9-7 
10-5 
11-7 
131 
14-9 
17-6 
21 1 
26-5 


Lbs. 
360 
396 
440 
492 
564 
660 
792 
990 



The coal must be well broken up and thrown on the fires 
quickly, the largest lump being not greater than a ball of 
4 inches diameter. The furnace doors should not be kept open 
longer than is necessary, so as to prevent too much cold air 
getting into the furnaces. Two men should be employed for the 
operation of firing — one to put the coal on and the other to open 
and close the furnace door in the intervals between separate 
shovelsful. When a furnace door is open for firing, the stoker 
should see at a glance where coal is required, for the fiame and 
smoke caused by the first shovelful, as soon as it is thrown in, pre- 
vents the exact condition of the fire from being afterwards seen. 
A sharp lookout should be kept for any thinning of the fires at 
the sides of the grates and between the furnace doors, and, in 
order to prevent this, the fire near the brickwork should be 
kept rather thicker than that of the remaining area. The stoker 
should learn to distribute the coal over the grate so uniformly 
with the shovel that it will be unnecessary to level the surface 
with the rake or slice. A rake is only to be used when a fire 
has become too thick on one part of the grate and too thin on 
another. 

As the fires are charged frequently, and in small quantities, the 
furnace doors must be kept open for a very short while each time. 

All the doors should be kept careflilly closed (the furnace and 
inspection doors as well as those of the ashpit) when stopping 
for a short time. Care must be taken not to leave too much fudl 
on the grate, as this might cause a rapid deterioration of the 
fire-bars. 
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In the case of a complete stoppage the fire should be pushed 
to the back of the grate or else extinguished. In the former 
case, care must be taken to cover the fire with moist cinders, and 
to shut the furnace doors and ashpit dampers quite close. 

Flaming in the Uptakes and Funnels, — This will occur when 
the fires are too thick or very dirty ; it can be stopped by 
slicing the clinker off the bars, by burning down thick fires, and 
by giving more air under and over the fire-bars. 

Care must be taken to avoid having thick fires in some boilers 
and thin fires, or fires with holes in them, in other boilers leading 
to the same funnel, as in these circumstances coal is wastefully 
burnt^ and flaming in the uptakes or funnels will almost 
inevitably occur. 

Clea/ning the Fires, — When steaming at powers exceeding 
60 per cent, of the full power, only half the great surface of a 
boiler should be cleaned at a time, the fires of the other boilers 
being forced more heavily if necessary. The fire on half a grate 
should be burnt down, clinkered, and re-charged. When the 
fire on this half has again become bright, the other half should 
be cleaned in the same way. 

For the development of powers below 60 per cent, of the full 
power, the number of boilers in use should be sufficient, with an 
average rate«of combustion of about 20 lbs. of coal per square 
foot of fire-grate, to allow of one boiler at a time being burnt 
down for cleaning purposes. 

At all rates of combustion the fire-bars must be kept free from 
clinker by the frequent use of the slice, in the intervals between 
the cleaning of the fires. 

Feeding, — Fresh water only must be used for filling and feed- 
ing the boilers. Frequent tests should be made to ascertain 
that the water in the boilers is quite fresh. The feeding should 
be carried out as uniformly as possible. By watching, the levels 
in the water gauges it can be seen if it is necessary to open, or 
slightly close the feed check valve of any of the boilers. This 
should be done gradually, a variation of one-quarter of a turn 
ought generally to be sufficient to keep all the levels at the same 
height. 

The normal water level is about 6 inches above the bottom 
of the gauge glass. This should be kept constant when 
steaming. 

Should it happen from any cause that difficulty is experienced 
in obtaining a sufficient supply of feed-water and the level in 
the water gauge glass falls unduly, steps should be immediately 
taken to check the fires by closing the ashpit dampers and 
ceasing to fire up. Should the water entirely disappear from 
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sight in the glass, the boiler stop valve should be closed, and the 
safety valves eased as necessary to reduce the pressure. 

After the pressure has fallen below 50 lbs. the fires should be 
put out, unless the water again shows in the glass. 

If the engines are suddenly stopped, steam should not be 
allowed to blow off through the safety valves ; the steam pro- 
duction of the boilers should be checked by closing the ashpit 
doors, by increasing the feed, and by the careful use of the silent 
blow-off to the condenser. 

It must not be overlooked that when the engines are again 
started the water level will rise in the boiler. 

An automatic feed regulator composed of a balanced valve, 
actuated by a float, controls the feed supply. The float moves 
vertically in the steam drum and is attached by a lever to a 
horizontal spindle. This spindle turns on its own axis, and has 
at its other end another lever carrying a frame with a sliding 
nut, which can be moved up and down by hand by means of a 
screw with a milled head. This sliding nut has a projecting 
stud which engages in a hole in a lever at the end of a second 
spindle, placed in the same straight line as the first and con- 
nected at its further end with the balanced valve. By turning 
the screw from left to right the sliding nut moves down so as 
to shut the valve; the valve is opened by turning the screw in 
the opposite direction. A weight at the end of the lever con- 
taining the sliding nut counterbalances the various parts. This 
counterpoise should never be shifted after the apparatus has 
been adjusted. 

As a general rule, the position of the counterpoise will have 
been determined in the workshop when the apparatus is set and 
regulated, but if this has not been done the feed regulator should 
be set up on any vessel in which the water level is the same as in 
the boiler. When adjusted, the lever bearing the counterpoise 
should be horizontal ; if it is but slightly out, the difference can 
be made good by means of the sliding nut, but the latter should 
be about midway in its travel when the apparatus is regulated, 
so that the latter can be set by hand above or below the normal 
level, according to circumstances, if it is desired to vary the 
water level. 

The feed regulator should be set up with the greatest care, 
and it ought to be possible to work all the moving parts without 
the slighest effort. The float should be fitted so as to move 
quite perpendicularly to the axis of the spindles which actuate 
the valve, and these spindles should be set up with sufficient 
play to permit the valve to move quite freely, and the stuffing- 
boxes should be no tighter than is absolutely necessary. 
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Management — The management of the regulator is simple 
when it has been properly set, as indicated above. When the 
boiler produces either slightly more or slightly less than the 
normal amount of steam, nothing need be done to the regulator, 
but if the boiler produces, for a considerable time, very much 
less than the normal amount of steam, the inflow of water 
should be lessened by means of the feed check valve. 

When the boiler is stopped under pressure for a considerable 
time, the feed check valve should be completely closed so as to 
prevent the level from rising, for the regulator cannot be con- 
sidered as reliable for this purpose. The check valve should 
afterwards be opened a little, before the ship gets under way again. 

To keep the Regulator in Repair, — It is easy to keep the 
regulator in good repair, because there are only two stuffing- 
boxes, the spindles of which have a slow movement. The 
packings of the stuffing-boxes should preferably be made with 
anti-friction sausage packing, or, if this is not procurable, with 
two turns of asbestos cord, about \ inch in diameter, well 
smeared with special anti-oxidising grease. 

Care should be taken to well grease, from time to time, the 
sliding nut and its screw with the same preparation, in order to 
preserve them from oxidisation. The float should frequently be 
worked by hand, by means of the handle on the lever containing 
the sliding nut, so as to keep the apparatus quite sensitive. 

In no ca>8e tnvst any screw nut he tightened whilst the boiler 
is under pressure^ not even those of the dogs that liold the tubes, 
or of the homdholes, <lcc. 

Blowing Down, — At least once a day, and more often if it is 
thought necessary, the boiler should be blown down. The level 
should be increased to about 2^ inches above the normal, and 
the scum blow-ofl* cock on the steam drum should then be opened. 

In order that the operation may be eflectual, it should he 
continued until steam begins to pass through the scum cock. 
It will be easy to discover when this is happening by the noise 
produced by the passage of the steam in the blow-off pipe. 

In this way any grease entering the boilers in the feed-water 
will be got rid of. The blow-off cocks at the bottom and also 
that on the feed-box (which is very important) should then be 
opened for a minute. 

The scum and the lower cocks should be used as often as the 
nature of the water renders it necessary, and this should be 
specially determined. 

The gauge cocks and the water-gauge stand pipe should be 
frequently tested when the boiler is under pressure, to see that 
they are in no way obstructed. 
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Preservation, — In order to preserve the boiler, it should be 
completely filled. 

The shrinkage of water by cooling or any loss by leakage is to 
be made up by the hand pump daily until it is certain, by reason 
of water issuing from the air cock on the highest part of the 
boiler at the first stroke of the pump, that the boiler is quite 
full. Any subsequent loss of water is to be made up once a week. 

Bogies or small fires are to be lighted in the ashpits when 
required, to keep the external parts of the boiler free from 
moisture, whether the boilers are preserved internally by the 
wet or by the dry process. 

Funnels which are not in use are to be kept covered. 

In cold weather, the temperature of the boiler-rooms and of 
water in the boilers which are quite full must not fall below 
40" F.j 

In commissioned ships, all the boilers are to be thoroughly 
examined internally and externally once in six months, even 
though steam has not been raised since the date of the last 
examination. It is important that the connections of the zinc 
protectors be kept efficient. 

Use of Lime, — The water in the boilers should be tested at 
least once in every watch, and sufficient lime added to neutralise 
the acids. 

Cleaning Generally. — Partial internal inspection, the extent 
of which will depend upon the circumstances of the case, is to be 
made whenever a boiler is put out of use after a period of 
steaming, and on other occasions as opportunities offer. 

For a partial examination, it is only necessary to remove the 
inner tubes of the two rows of tubes nearest the fire; if these 
outer tubes are in a satisfactory condition as regards corrosive 
action and deposit, it is. probable that the tubes of the upper 
rows are also in a satisfactory condition, and it will, in general, 
be sufficient to test this by inspecting only one tube in each row- 
taken diagonally across the boiler. 

Boilers which are to be opened for thorough cleaning and 
examination are to be boiled out with a strong solution of 
common soda, either before fires are drawn or by lighting fires 
especially for the purpose. To do this, allow 1 lb. of soda for 
every 30 square feet of heating surface, and boil for at least 
twelve hours, allowing the steam to blow off through the safety 
valves at about 40 lbs. pressure; the water level while boiling 
out should be about 1 inch above the scum pan. Every two 
hours, an inch of water in the gauge should be blown out through 
the scum cocks connected with the scum pans; these cocks 
should be kept open until steam blows through. The bottom 



KOfES ON NtCLAtJSSE feOtLEtlS. 351 

blow-off cocks should also be opened wide for about ten seconds 
after the scum cocks are shut off and the water has regained its 
normal level, the loss to be made up with fresh water. 

After the boiling out is finished and the fires drawn, the 
headers should be blown out empty through the bottom blow-ofl 
cocks. 

The boiler should not be emptied of water except when it is 
CO be cleaned, for the deposits therein, if allowed to dry, will 
harden, and the advantage of the deposits in the inner tubes 
being in a muddy condition will be lost. 

It must he taken cbs a general principle that the water should 
reTnain in each tvhe until the very moment that it is going to 
be cleaned. 

To clean the inside of the boiler, the dog securing each pair of 
tubes must be removed, then the inner tube unscrewed by means 
of the special spanner which fits into the hollow head of this 
tube, turning it in the opposite direction to the hands of a clock. 

As soon as the tube is taken out it should, if it contains any 
deposits, be washed or plunged into water, and, if necessary, 
cleaned with the metal tube-brush. 

Care must be taken, immediately afterwards, to clean the 
thread at the front end of this tube and to smear it with special 
anti-oxidising grease. 

If, as very rarely happens, the outer tube should turn whilst 
unscrewing the inner tube, the two tubes should be taken out 
together, the outer one placed in a metal collar made in two 
pieces, and held in a vice, and then the inner tube unscrewed 
with the spanner. 

The outer tube itself must never be gripped in a vice, or it 
may be damaged. 

After the inner tube has been taken out, it should be ascer- 
tained whether the outer tube wants cleaning. This tube can 
either be washed or cleaned with the scraper, according to 
circumstances, or, if necessary, taken out, but this should not 
be done more frequently than necessary; but, in order to make 
sure that the outer tubes will come out easily and rapidly, they 
should be removed every six months or every year, according 
to the nature of the water used. 

If from any unusual cause the outer tube contains hard 
deposits, it can be slightly heated and moistened inside immedi- 
ately ; the deposits will then crack and come away completely, 
or they can be loosened by tapping lightly on the tube with 
a small hammer. 

A tube should never be replaced until it has been thoroughly 
cleaned. 
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When the tube has been taken out in this way the interior 
can be the more easily inspected by removing the end nut with 
the same spanner and in the same way as the inner tube. 

This end nut should seldom be removed, and never whilst the 
tube is in its place in the header. The outer tube should be 
taken out, held between the jaws of a vice in a collar made in 
two pieces, and the spanner only should then be used. 

As regards the order of cleaning, the tubes of the lower rows 
should be taken out first, then the next above, and so on 
upwards. When putting them back the reverse order should be 
followed — i,e.f the upper rows put in first. 

The interiors of the headers should be washed, and, if neces- 
sary, scraped, before the tubes are put back. If the outer tubes 
have been taken out they must be well wiped on the outside 
before they are put back. 

The c(med surfaces of the lanterns and of the collectors, as toell 
as all the threaded parts, should be smeared, as they are taken otU, 
with anti-oxidising grease in order to preserve them from rust. 

No boiler is to be closed up until every tube which has been 
opened has been searched and the other parts of the boiler 
carefully examined by an engineer officer or by a trustworthy 
and competent chief petty officer. 

Cleaning the Fireside of the Tubes vender Steam, — If water be 
not used in the ashpits, it will only be necessary to clean the 
fireside of the tubes on long runs — e.g., after three or four days' 
continuous steaming at 60 per cent, of the full power. 

The tubes can be cleaned by a steam or air lance while the 
boiler is at work, the lance being inserted in the space between 
the headers. Cleaning by means of steam or air lances should 
only be done when fires are actively at work, and then care 
should be taken that the lance is well blown through before it 
is applied to the tubes ; if this precaution is not taken, the soot 
on the tubes will be wetted and caked. 

Scoriee which accumulate on the bottom row of tubes can 
be removed, as far as practicable, by scrapers when the fires are 
being cleaned. 

The upper part of the boiler should be cleaned first, working 
downwards, so that the soot deposited in each row, together 
with that which has fallen from the upper rows, can be cleared 
out. 

This should be done as often as the nature of the fuel requires, 
usually once in every working day. It must not be forgotten 
that, as the soot impedes the transmission of heat, it neces- 
sitates greater consumption of coal to evaporate the same 
amount of water. Care should be taken to see that the fires are 
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low, with only a thin layer of coal on the grates, before starting 
this operation. 

As damp soot on tubes is liable to cause serious corrosion, it 
is important that the fireside of the tubes of boilers which are 
not under steam should be kept clean and dry. Accumulation 
of soot on the baffles is to be carefully removed when the tubes 
are cleaned. 

It is not necessary to use either red lead or white lead for any of 
the special joints ; and the u^se of these is absolutely forbidden. 
Nothing shouM be used for any of the joints except special grease 
for preventing oxidisation. 

The steam drums should be opened up in order to make sure 
that all their different parts are in their places and in a good 
state of repair. 

If the grease filters are not cleaned sufficiently often, greasy 
deposits may enter the steam drum. If such is the case, these 
deposits must be removed as completely as possible, and the 
boiler must then be boiled out with a solution of soda as 
described above. 

Taking out the Tubes (Fig. 111). — The inner tube should be 




Fig. 111. 

taken out in the manner previously indicated. Each outer tube 
is then taken out by means of the apparatus represented in 
Fig. Ill:— 

A. Threaded spindle which screws into the place occupied 

by the head of the inner tube. 
D. Bridge. 
F. Nut. 

B. Handle on the threaded spindle. 

When the inner tube has been taken out, the bridge D is 
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placed against the header, the spindle A is then screwed by 
means of the handle B into the place of the head of the inner 
tube. The nut F is then tightened by means of a special 
spanner, care being taken that the bridge D bears well against 
the header. As soon as the nut F begins to bear against the 
bridge the tube comes out 

The apparatus for taking out the tubes is then taken off, 
unscrewing the spindle A by means of the handle B. 

A pole is then passed into the tube, well to the end. This 
pole bears the weight of the tube while it is being pulled out 
by its head. 

Care should be taken to turn it a little to right and left 
whilst taking it out, until the lantern is free of the header. 
Immediately the tube is taken <mt its coned surfaces should be 
greased, as well as those of the header. 

If the end nut is taken off to enable the interior of the tube 
to be more easily seen, care must be taken to immediately grease 
all the threads. As the tubes are taken out of the boiler they 
should be laid on a plank, so that the machined surfaces do not 
get damaged. 

If the tube contains any deposits, keep it full of water until 
just before it is to be cleaned, so as to prevent the deposits from 
hardening. 

Before greasing the cones, the turned surfaces should be 
cleaned with a cloth or very fine emery paper. The headers 
are treated in the same way, and afterwards the coned surfaces 
are smeared with special grease, as before mentioned. 

Beplacing the Tubes,-^The coned faces on both tubes and 
risers should be thoroughly cleaned and examined to see that 
they are free from burrs or other defects, the coned faces on the 
tubes should then be coated with anti-oxide grease and the 
tubes slid into place with the special rod provided, care 
being taken that the centre punch marks on the front 
connections which denote the position of the water-ways are 
kept in a vertical line. The tubes should then be tapped 
home with a small lead hammer, the dogs put on and the nuts 
moderately tightened up. Should there be any leaks under 
water pressure either of the coned joints or the front plugs, it 
may be necessary to further tap in the tubes or screw up the 
plugs, but in no case should any great force be required to make 
the joints tight, and if any difficulty is experienced it will be 
found that some foreign substance has got between the coned 
faces or the surfaces have got damaged, in either case the tube 
must be withdrawn, the faces cleaned and the joints remade. 

Before steam is raised in any boiler which has had tubes 
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removed and replaced or renewed, it is to be tested by water 
pressure to, at least, nearly the pressure at which the safety 
valves are loaded, and all the joints inspected for leakage during 
the time the pressure is on. When steam is being raised in the 
boiler for the first time after the tubes have been replaced or 
renewed, the joints should be examined with the steam pressure 
at about 50 lbs. ; if any of the coned joints show signs of leaking 
the steam pressure must be dropped and the boiler emptied 
sufficiently to permit of the removal of the tubes of which the 
joints are leaking. The turned surfaces must be examined and 
any defects in them made good; if no defects are found, the 
surfaces must be cleaned and the tubes replaced. 

No joint shotdd be tightened under any circumstances whilst 
the hoUer is under steam pressure, and the smoke-box doors should 
always be kept closed whilst the boiler is working. 

The tubes should never be struck in order to drive them 
home in the header; the proper tools for putting them back 
should always be used. 

If, whilst steaming, one of the boilers has run short of water, 
the lower tubes of the elements should be tested, and if any of 
them are bent or burnt, these tubes should be straightened out 
and subjected to hydraulic pressure; the result of this test will 
show whether these tubes can be used again. 

The lower tubes of the boiler should be frequently examined, 
and if they are found to be bent to the extent of 1 inch they 
should be taken out and straightened. 

Care should be taken, before putting back the different parts, to 
smear with the specicU grease all the threads and coned surfaces of 
the outer and inner tubes, plttgs, headers, bi-conical joints, all the 
threads of the bolts of the dogs and of their nuts. 

Generally speaking, the nuts of the dogs and the different 
parts of the boiler should be tightened without effort, and no 
spa/nners should be used for this purpose except those made specially 
for the different parts. 

If the spanners used are too large the nuts will be tightened 
too much, and it will be difficult to loosen them again. 

Brickwork, — Care must be taken to keep the brickwork which 
protects the front and sides of the boiler in good repair in order 
to avoid a rapid deterioration of the sheet-iron casings. 

Banking Fires. — As a general rule, fires should be allowed to 
burn out when the engines are stopped, unless steam is likely 
to be required at a very short notice. 

The banking of heavy fires is undesirable, for with closed 
furnace and ashpit doors it is liable to cause overheating and 
bending of the fire-bars and bearing-bars. 
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When it is considered essential to bank fires, they should be 
pushed to the back of the grate and kept light. 

The boilers should be allowed to cool down gradually, and the 
fire doors and ashpit doors kept shut. 

FreeatUiona to be taken when Putting out the Fires, — When 
fires are put out no lighted coal must be allowed to remain in 
contact with the boiler casings, or the metallic parts will become 
oxidised, and thia will goon Samage the casings, and they should 
not be wetted at the time of putting out the fires, as this would 
cause the sheet-iron to buckle. They should always be kept 
slightly greased so as to protect them from oxidation, which 
takes place very rapidly in the warm damp air of the stokehold* 

The polished parts of the doors and of the front panels should 
be treated in the same way. 

If rust marks are seen anywhere, rub the place with fine 
emery and oU until the marks We disappeared/ 

As has been previously mentioned, keep all the polished parts 
well greased. For the black parts use a mixture of grease and 
lampblack. 

Yarrow Boilers* — Lighting Up, — The boilers should be fiUea 
to slightly below the usual water level, about 3 inches in the 
glass being sufficient. 

The lifting gear of the safety valves should be examined and 
the valves moved off their seats before fires are lighted. 

Raising Steam, — Steam should be raised slowly when the 
boiler is being heated for the first time or when the brickwork 
is newly repaired. The fires on all occasions of raising steam 
should be kept as thin as possible. The water gauges, steam 
gauges, drenchers (where fitted), and all other boiler fittings 
should be examined and tested : the feed pumps should be tried, 
hand feed checks opened, and a little water introduced into the 
boiler to make sure that the connections are quite clear. 

Connecting Up, — The boiler should be connected up with great 
care, and the stop valve should be opened to such an extent as 
to give a small amount of wire drawing. 

Ma/ruigement of Fires, — The fires should be about 5 inches 
thick with no air pressure in the stokehold, rising to 7, 8, ajid 9 
inches, with pressures of ^ inch, 1 inch, and 1^ inches of water. 

The coal should be well broken up and thrown on the grate 
quickly, the largest lump being not greater than a ball of about 
i inches diameter. To prevent the furnace doors being kept 
open longer than is necessary, two men should be employed for 
the operation of firing, the second man closing the door between 
separate shovelsful. The stoker should be taught to distribute 
the coal uniformly with the shovel, and the rake should only be 
* See Admiralty Circular Letter of 4th I^ovember^ 1904. 



NOTES ON YARROW BOILERS. 367 

used when the fires have become uneven, or to stir up the fires 
when increasing speed after being closed up for a time. Fires 
should be kept free of the dead-plate, and should be slightly 
thicker near the brickwork at the back and sides of the furnace. 

Water should only be used in the ashpits to a limited extent 
to keep the fire-bars from being burnt, for it should be borne 
in mind that too much water causes a deposit to form on the 
bottom row of tubes which cannot be removed by brushes, and 
has to be scraped ofi*, besides causing considerable loss of heat. 

Systematic Stoking. — It is essential to adopt a system of 
stoking by which the fires are frequently fed with light charges 
in a regular rotation, arranged so that adjacent furnace doors 
are not fired consecutively. For steady steaming the charge 
can be kept practically constant^ say 3 or 4 small shovelsful 
at a time : at higher rates of steaming it is better to slightly 
increase the quantity of each charge to 5 or 6 shovelsful than 
to unduly diminish the interval and distress the personnel. 

For ordinary service, the number of boilers in use should be 
arranged for a rate of combustion of 15 to 20 lbs. of coal per 
square foot of fire-grate per hour and no air pressure in the 
stokehold. 

For full power steaming, the rate of combustion should not 
exceed 40 lbs. of coal per square foot of $re-grate per hour and 
an air pressure not exceeding H inches of water, but in an 
emergency the fires may be forced to burn 60 lbs. of coal pei 
square foot of grate per hour. 

Draught Plates, — The draught plates should never be opened 
wide except to remove ashes, as not only are the best results 
obtained with the doors about three-quarters open, but it has 
been found that self-closing doors are liable to stick when in a 
horizontal position, thereby losing all the advantages derived 
from an automatic door in the case of a tube giving out, by 
failing to check the rush of steam, ashes, &c., into the stokehold. 

Cleaning Fires, — The cleaning of fires should not be delayed 
too long, but should be commenced after eight to twelve hours' 
steaming, and, when burning 40 lbs. of coal per square foot of 
grate per hour, after four hours. The fires should be cleaned in 
the same order in which they are fired — ^three or four fires being 
cleaned each watch — so that all fires are cleaned in about sixteen 
hours, and it is better to clean a fire in each boiler in each watch 
than to clean one boiler right out. At all rates of combustion 
the fire-bars must be kept clear of clinker by the frequent use 
of the slice in the intervals between the cleanings of the fires. 

Sweeping Tubes, — If water is used sparingly in the ashpits, it 
will only be necessarv to clean the fire side of the tubes under- 
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way, on long runs, probably after three or four days' steaming. 
This can be done by inserting a steam or air lance through 
portable doors in the front of the boiler casing and working it 
up and down oyer the whole length of the tubes. It is advis- 
able to clean the tubes over the fire that is to be cleaned, as 
then the soot and dirt which drop into the fire are soon 
removed, and do not choke up a clean fire. The deposit of 
soorise, which forms on the front of the fire rows of tubes under 
continuous forced draught, can only be removed completely 
with scrapers when the boilers are cold. 

Stopping and Beducing Speed. — If the engines are suddenly 
eased or stopped, the steam production should be checked as 
much as possible by closing the ashpit doors, and, if necessary, 
opening the furnace doors; suddenly opening all the furnace 
doors is undesirable, and increasing the feed to any extent is 
liable to cause priming, as the water level rises in the boiler 
when the engines are again started. The silent blow-off should 
be used most carefully. 

Banking Fires, — As a general rule, fires should be allowed to 
burn out, unless steam is required at very short notice, in which 
case the fires should be pushed to the back of the grate and 
kept light, the opportunity being taken to remove all dirt and 
clinker from the fires. 

Feeding the Boilers. — The temperature of the feed -water 
should not be allowed to fall below 120" F. 

Automatic feeding is not absolutely essential, but by feeding 
the boiler regularly a regular production of steam is obtained 
with greater economy. Where fitted, great care should be taken 
to keep the automatic gear in good working order. 

If the feeding arrangements do not work properly, and the 
water disappears from the gauge, the fires should be checked 
immediately by closing the draught plates, and if the water does 
not promptly reappear the fires must be drawn aud the boiler 
shut off^ The boiler must not be worked again until it has 
been ascertained that there is no defect in the feeding apparatus, 
and that no defects have arisen in the boiler due to overheating. 

The water in the boilers is to be kept slightly alkaline by the 
addition of lime water to the feed-water. 

Every twenty-four hours a small quantity of water is to be 
blown out of the boilers by fully opening the scum cocks and 
bottom blow-out cocks for three or four seconds. 

Shutting Off. — The fires should be allowed to burn down and 
the boiler to cool down gradually, the furnace and ashpit doors 
being kept closed ; if the boiler is to be pumped up this should 
be done while the fires are dying out. 
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Preservation, — Boilers not in use are to be kept quite full of 
fresh water freed from air by boiling and made distinctly alkaline 
by an extra quantity of lime. Whenever it is possible, the 
boiler should be pumped up while the fires are dying out; but, 
when this cannot be done, or when empty boilers are pumped 
ap, the water should be boiled to expel the air; care should be 
taken to ensure the boilers remaining quite full by pumping the 
boilers up to about 50 lbs. pressure in the first place, and 
making up any subsequent losses once a week. 

To prevent damage in cold weather, the temperature of the 
water in the boilers should be kept up to at least ^O*" F. by the 
use of bogies or light fires in the grates. 

Examination and Gleaning, — In ships in commission, the 
boilers should be thoroughly examined internally and externally 
once a quarter, special attention being paid to the condition of 
the zinc slabs and their connections. Partial internal inspec 
tion should also be made after a period of steaming ; and this 
should include a thorough examination of the two fire rows of 
tubes on both sides of the grate. Boilers to be opened out for 
thorough cleaning are to be boiled out with a strong solution 
of common soda : allow 20 lbs. to a ton of water, and boil for at 
least twelve hours, allowing the steam to blow off through the 
safety valves at a pressure of about 40 lbs. The water level 
should be kept about an inch above the scum pan, and every 
two hours water should be blown out through the scum valve, 
which should be kept wide open until steam blows through; the 
bottom blow-down cocks should also be opened wide for about 
ten seconds, the loss being made up with fresh water. After 
the boiling out is finished and fires are drawn, the boilers should 
be blown out empty through the bottom blow-down cocks. All 
the tubes should be thoroughly cleaned internally with tight- 
fitting wire brushes, and the plates of the steam collectors and 
water pockets also thoroughly cleaned. 

All the tubes are to be thoroughly cleaned externally as soon 
as practicable after the fires are out, and great care should be 
taken not to allow accumulations of soot and ashes on the water 
pocket tube plates. 

The casing joints must all be kept perfectly tight, as leakage 
of air causes rapid destruction, and care must be taken not to 
allow any accumulation of ashes or coal dust in any portion of 
the casing. 

The fire rows of tubes should be carefully examined and 
gauged for distortion, and any alteration recorded: a small 
gradual change of curvature is not important unless it is 
accompanied by a movement of the tube in the tube plate, in 

24 
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which case, as also in the case of leakage of tube joints, the 
tubes so affected should be carefully re-rolled. A sudden con- 
siderable bending of a tube or any bulging indicates the presence 
of internal deposits, and in these circumstances immediate 
cleaning is necessary. If the tubes are clean, the distortion 
may be due to the boiler not having been free to expand and 
contract under variations of temperature owing to the improper 
adjustment of the holding-down bolts. The nuts of these bolts 
should only just bear when the boiler is hot. 

Isolated tubes not in the fire rows, which fail from any cause, 
should be plugged with the stoppers provided; if it is necessary 
to plug a tube which is not perforated — e.g,^ a bulged tube — ^a 
hole must be made in the tube before the plugs are fitted in 
place. 

The brickwork, especially that forming the arches over the 
furnace doors, must be frequently examined, and repaired as 
necessary, to guard against injury to the boiler casings. 

To Remove a Tube, — Cut the tube through with a cross-cut 
chisel close to the top and bottom tube plates, and drive out the 
two pieces remaining in the tube plates into the collectors with 
a shoulder punch, taking care not to injure the holes in the 
tube plates. 

To Replace a Tube, — The tube hole should be carefully cleaned 
with emery until the surface is bright, and the ends of the tubes 
should also be perfectly clean and dry and free from grease and 
scale. When the new tube is in, it should be lightly rolled 
before being bell-mouthed, after which it can be belled as 
required ; any tube which exhibits any signs of fracture being 
immediately rejected. After bell-mouthing both ends, complete 
the expanding of the tube as required. 
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APPENDIX I 

NEW SCHEME OF ENTRY OF NAVAL CADETS WHO ARE 
CANDIDATES FOR COMMISSIONS AS EXECUTIVE AND 
ENGINEER OFFICERS OF THE NAVY AND OFFICERS OF 
THE ROYAL MARINES. 

(Applicable at the Examination in JtUy, 1904, ^^ succeeding Examinations,) 

For the Infoemation of Candidates. 

1. All officers for the executive and engineer branches of the Royal 
Navy or for the Royal Marines will enter the service in future as naval 
cadets under identical conditions, and will be educated and trained 
together until passing as Sub-Lieutenants. 

§. Appointments to naval cadetships will be made by nomination, subject 
to the nominees passing a qualifying examination. (Candidates who fail to 
pass will not be allowed a secona trial. 

No nomination will be given to boys whose parents or guardians do not 
declare for them that they are prepared to enter any one of the three 
branches of the service at the termination of their probationery period of 
service afloat. 

As far as possible each officer will be allowed to choose which branch or 
service he will join, but this must be subject to the proviso that all alike 
are satisfactorily filled. 

Candidates must be of pure European descent, and the sons either of 
natural-bom British subjects, or of parents naturalised in the United King- 
dom. If any doubt arises upon this question, the burden of clear proof 
that he is qualified will rest upon the candidate. 

3. All nominations of candidates for naval cadetships are made by the 
First Lord,* with the exception of a limited number which are at the 
disposal of individual members of the Board, and of the secretaries to the 
Board of Admiralty. 

4. Every candidate desirous of receiving a nomination from the First Lord 
of the Aamiralty will be required to present himself before a committee 
which will sit at the Admiralty for the potpose of interviewing candidates 
shortly before the qualifying examination takes place. The fact, however, 
of a candidate being invited to appear before this committee is not to be 
understood as in any degree implying that he will necessarily receive a 
nomination. 

* Applications for nominations should be addressed to the Assistant Private Secretary 
to the First Lord, and sl^oiUd not h« ipado qntU the candi4at9 has reached 11 years 
0( a^ 
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5. The nominations will be made three times a year, a few weeks before 
the date fixed for the examination of candidates. 

6. Candidates will be examined only once, but parents may choose 
whether they will send up their sons at the earlier or later of the two 
occasions upon which they will be eligible for nomination, on the distinct 
understanding that if nominated they are entered for the qualifying 
examination immediately succeeding the interview. 

In the case of boys who have received nominations being prevented by 
illness from taking the qualifying examination, their nominations may lie 
postponed till the next examination, if their aee permits.* 

Should they not be able to present themselves for examination within 
the limits so prescribed, they will be finally excluded from entering the 
Naval College. 

7. The qualifying examinations will be held in March, July, and 
December, and the appointments will date from the 15th May, 15th 
September, 15th January following, respectively. 

8. Candidates for examination in — 

March must be not less than 12 years and 4 months nor 

more than 13 years of age on the following - 15 May. 

July Do. do. - 15 Sept. 

Deo. Do. do. - 15 Jan. 

9. Every candidate must be in good health, and free from any physical 
defect of body, impediment of speech, defect of sight or hearing, and also 
from any predisposition to constitutional or hereditary disease or weakness 
of any kind, and in all respects well developed and active in proportion to 
his age. Before undergoing the literary examination he will be required 
to pass the medical examination according to the prescribed regulations, 
and must be found physically fit for the Navy. 

10. The qualifying examination will be in the following subjectst : — 

(1) English (including writing from dictation, simple composition and 
reproduction of the gist of a short passage twice read aloud to the 
candidates). 

(2) History and Geography, with special reference to the British 
Empire. 

(3) Arithmetic and Algebra (to simple equations). N.B, — Two-thirda 
of this paper will be in arithmetic. 

(4) Geometry (to include the subject-matter of the First Book of Euclid, 
or its equivalent, with simple mensuration. The use of instruments is 
allowed). 

(5) French or German with an oral examination, to which importance 
will be attached. 

(6) Latin (easy passages for translation from Latin into English and 
from English into Latin, and simple grammatical questions). 

The list of successful candidates will be published in alphabetical 

order. 

11. For all cadets entered under these regulations the payment will be 
at the rate of £75 per annum for the period under training, to be paid 
every term in advance to the cashier of the Bank of England on receipt 

* Should any case occur where a candidate's age prevents his nomination being; 
deferred, the Admiralty will consider whether special arrangements can be made for 
him to be examined by the Head Master of the Boyal Naval College, Osborne, at the 
beginning of the ensuing term, if then well enough. 

t This revised schedi^fe came into force at the examination in Jul^, 1904. 
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of claim from the AccOtintant-General of the Navy. But the Lords 
Commissioners of the Admiralty reserve the power of selecting from among 
the cadets entered at each examination, a limited number being sons of 
officers of the Navy, Army, or Marines, or of Civil Officers under the 
Board of Admiralty, with respect to whom the annual payment will be 
£40 only. In this selection their Lordships will have regard solely to the 
pecuniary circumstances of the cadet. 

Applications for the reduced scale must be received at the Admiralty 
not later than 1st January, Ist May, and 1st September. 

Parents or guardians are further required to make a private allowance 
of £50 per annum to cadets from the expiration of their period of training 
until they reach the rank of Acting Sub-Lieutenant. 

12. In addition to the annual payments mentioned in the foregoing 
paragraph, the parent or guardian will be charged with the personal 
expenses incurred by the cadet for washing, repairing boots and clothes, 
pocket-money, &c. 

13. The period of training in the training establishments will be four 
years ; there will be three terms in each year. The first term of each year 
will be approximately from 15th January to 15th April, the second from 
7th May to 7th August, and the third from 15th September to 15th 
December. 

The vacations will be four weeks at Christmas, three weeks at Easter, 
and six weeks at midsummer. 

14. It is to be distinctly understood that the period of training is a time 
of probation, and the parent or guardian of every cadet will be required to 
sign a declaration on the admission of the cadet, to the effect that he shall 
be immediately withdrawn on the receipt of an official request for his 
withdrawal. The Lords Commissioners of the Admiralty reserve to them- 
selves full descretion to request the withdrawal of any cadet from the 
Royal Naval College, if after a sufficient trial he is in their opinion for any 
reason unsuitable for the naval service. This discretion will, as a rule, be 
exercised at the end of the first year, but the proficiency and progress of 
the cadets will be periodically determined, and they may be required, if 
necessary, to withdraw at a later stage. 

' 15. (a) Reports of progress and conduct will be made to the Admiralty 
at the end ol each year of the cadet's study. 

(&) Li all subjects of instruction the principle will be followed of 
giving merit marks for current work. At the end of each year of 
training the cadet's proficiency and progress will be determined, partly 
by examination, and partly by the marks gained for current work during 
the year. 

(c) Cadets who fail to attain a certain standard, or who, for any reason, 
are considered unsuitable for the naval service, may be required to with- 
draw at any time. 

This rule will apply to those who do not show an aptitude for naval life, 
as well as to those who make insufficient progress or whose constitution is 
weak, although no disease may have developed. 

16. Cadets whose conduct is unsatisfactory may at any time be required 
to withdraw. 

17. Cadets will, on passing out of the training establishments, rank 
according to the amount of sea time they obtain at their final examination 
taken in conjunction with the results of their current work during their 
course of training, and those who obtain equal amounts of sea time 
will rank in order of merit in which they pass out of the training 
establishments. 
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18. The parent or guardian of every cadet will be required to provide 
outfit under the regulations in force. 

19. No pay will be allowed by Government to cadets in the training 
establishments. The pocket-money allowed to cadets will be charged to 
the parents. 

20. On leaving the training establishments, cadets will go to sea. At 
the end of three years, and after passing the necessary examinations, 
midshipmen will be eligible to pass for Acting Sub-Lieutenant, and, on 
passing, will be discharged to the Royal Naval College, Greenwich. 

21. On the conclusion of their examinations, Sub-Lieutenants will be 
distributed between the executive and engineer branches of the Navy and 
the Royal Marines. 
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EXAMINATIONS BEFORE PROMOTION OF ENGINEER 

OFFICERS, R.N. 

These examinations are made by senior engineer officers of the Fleet 
Reserve. The candidates are examined singly; the questions put are very 
varied, being those suggested by the experience of the examining officers. 
The examination is largely vivd voce. The following questions are typical 
of those usually given, but the list is by no means exhaustive : — 

1. Name all the appliances, pumps, &c., usually provided in a modem 
ship for clearing her of water in the event of a leak, and describe the 
principles of their action. 

2. Describe and sketch a Bourdon pressure gauge, and the apparatus for 
testing it. How would you test a vacuum gauge ? 

3. Describe how you would proceed to ascertain the pitch of a screw 
propeller blade. (Seep. 162.) 

Describe any important defects you have experienced (a) in the main 
engines, {b) in the boilers ; also the immediate and subsequent action taken 
to render the parts affected (or the machinery generally) efficient. 

What steps would you take in the event of a piston-rod becoming hot ? 
Would you apply a jet of water ? What would probably be the result of 
such an application of water ? (See p. 59. ) 

DescriTO any means you are acquainted with for shrinking a metal band, 
such as the tyre of a wheel, wnich has become enlarged so that it is 
insecure. Mention any parts of the machinery to which the process referred 
to might be usefully employed. 

Note.—Ji the band be heated and then placed in water, so that only half its width is 
immersed, the part still hot will be compressed by the cooled portion. The process may 
be repeated, the other half of the width being immersed. 

How would you proceed to discover the cause of a faulty vacuum ? (See 
p. 65.) 

What is an air vessel? How does it act? At what parts of an engine, 
or of its fittings, are air vessels generally applied ? 

Note.— An air vessel is fitted in the delivery pipe of force pumps, to equalise the 
velocity of the water discharged, and tends to produce a uniform disdiarge. Its function 
is similar to that of the flywheel of an engine—viz., to make the working of the machine 
as regular as possible. 

To what causes do you attribute the oases of rapid corrosion of copper 
pipes, carrying salt water, which have been observed in certain ships ? 

Note.— It is conjectured that leaks from the electric circuit to the hull may temporar- 
ily increase the galvanic action between the copper and metals to which it is electro- 
negative. It is also stated that the quality of the copper employed is sometimes 
responsible for the rapid deterioration. 

Sketch and describe the method of passing steam pipes through a water- 
tight bulkhead. 
Explain why, in vertical engines, the centre of the slide valve does not 
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coincide with the centre of the exhaust port when the valve is in its central 
position. 

N</U.—A common practice is to design snch slide valves with equal laps at each end, 
when placed symmetrically on the slide fooe ; to correct the effects of the " obliquity " of 
the eccentric and connecting-rods the valre is set up on the valve-rod by an amount 
equal to about one-fourth the mean lead. The point A cut-off on the up stroke is thus 
made later, and on the down stroke earlier, than before the correction. The lead at the 
bottom of the valve will be greater than that at the top, but it will still be found, in 
most cases, that the mean pressure on the down stroke is greater than that on the up 
stroke. 

Sketch a set of indicator diagrams supposed taken from the cylinders of 
a triple expansion ennne. Mark all particulars thereon. Show how these 
diagrams would be affected by : — 

(a) Leakaee past the H.P. slide valve. 

(6) An eanier cut-off in the Int. P. cylinder. 

(c) An earlier cut-off in the H.P. cylinder. 

{d) Wiredrawing of the steam by the H.P. valve. 

(e) Leakage past either of the pistons. 

(/) Faulty setting of the valves. 

ig) Faulty setting of either of the eccentrics. 

What are the advantages to be derived from using steam of high pressure. 
Show by diagrams the advantage of using steam expansively. 

Jirote.~See the supplement to the Steam Manual, p. S, et teq. 

Why is it more economical to use steam expansively in a series of cylin- 
ders, rather than to complete the expansion in one cylinder ? 

^ote.— The engines of warships are designed to attain a rate of expansion at full power 
of about six when the initial pressure is 155 lbs. (gauge), and about eight when the mitial 
pressure is 260 lbs. (gauge), after all losses are allowed for. If only one cylinder were 
used, the necessary point of cut-off would entail the use of a separate expansion valve, 
which is not desirable. If the expansion be carried out in stages, the range of tempera- 
ture in each cylinder is a fraction of the whole, and the loss by initial condensation is 
smaller ; also the loss due to clearance is reduced in this arrangement. 

About how much fuel per indicated horse power per hour is required by 
modem steam engines, the expansion being (a) simple, (&) compound, (c) 
triple ? Give examples with which you are acquainted. See pp. 8, 70. 

About how much coal can be burnt per square foot of grate per hour in 
the various types of boiler with which you are acquainted? Give the par- 
ticulars of each system of working. 

^ote.— With natural draught in return-tube boilers, about 28 lbs. per square foot per 
hour, and with about 1 inch of air pressure, 86 lbs., in Admiralty practice. In the water- 
tube boilers of destroyei-s as much as 76 to 80 lbs. per square foot per hour is burnt, the 
air pressure being 3 to 4 inches. 

What proportion of the total heat generated by the complete combustion 
of the fuel in the furnaces of a marine boiler is converted into the useful 
work of propulsion ? Give the approximate efficiencies (a) of the boiler, 
(6) of the steam* (e) of the mechanism, {d) of propulsion, and give a short 
account of the causes of loss in each case. 

jYoto— The efficiency of a good marine boiler does not often exceed 70 per cent. The 
loss is occasioned by incomplete combustion, radiation, and the high temperature of the 
funnel gases on discharge. 

The efficiency of the steam does not exceed about 17 to 20 per cent, tn an engine designed 
to effect economy. The losses are due to the heat necessaruy rejected in tM oondenser, 
to Initial condensation, to clearance, to receiver drop, Ac 

TT® efficiency of the mechanism may be taken as about 86 per cent., the loss being due 
to the friction of the bearings, and to the work absorbed by we air pump, dta 
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the efficiency of propulsion does not exceed about 70 per cent., tbe loss being dae to 
the " augment of resistance" caused by the propeller (see White's Naval Architecture, pp. 
640, et ieq.\ and to the frictional resistance to the motion of the blades. 

l%e reauitlng efficiency Is then about 0*07 as a muTlmum. 

If the speed of a ship when usins on].y three boilers be 7 knots, what 
speed may be expected with four boilers ? 

Note. — The power may be supposed increased as 4 : 8. Also, we may assume 
power a (speed)", consequently the estimated speed Y is given by 

ys 4 
-zr =-«. and therefore V = 77 knots. 

If 400 tons of coal are sufficient for a given voyage at 10 knots, at what 
speed must the vessel steam to consume 300 tons for the voyage ? 

Note.— Let k= consumption per hour in tons, t « time of voyage in hours. 
Then, consumption for voyage is G = i f. Let L s length of voyage. 

L 
Then, assuming I; « I.H.P., C « LH.P. x t oc y>xy 

C oe V2 X L 

800 V* 
Consequently, required speed V is given by -t^^t^ = — or V = 8-6. 

400 10- 

It should be noted that the assumption k « I.H.F. is only true over a small range of 
speed ; also the assiunption LH.P. oc V is true only at moderate speeds for any given 
ship. 

Find the pitch required for a screw propeller to drive a ship at 11 knots 
when making 100 revolutions a minute, assuming the slip is 30 per cent. 

Note.— It P be pitch in feet, B s revolutions per minute, i = slip, and S = speed in feet 
per minute, then »= p^^ = j^.*. S = PxKx — 

Describe the composition and steaming qualities of each of the two 
following kinds of coal:— (a) Bituminous or North Country coal; (6) 
Welsh ooal or anthracite. Mention the proper arrangements necessary for 
their favourable combustion. 

Note.— The composition of Newcastle coal is generally about C = 0'82, H = 0-053, 
= 0-057, 8 = 0-012, Ash, Ac, = 0*058; that of Welsh anthracite is = 084, H = 0048, 
O = 0-041, S = 0-014, Ash, Ac., = 0*057. 

If the brick bridges in the furnace mouth are destroyed, what space 
would you allow for the passage of smoke when rebuilding them ? 

^ofo.— The proper space is i the grate area in Admiralty practice. 

The composition of a certain coal is by weisrht as follows :—C = 0*795, 
H = 0-063, O = 0*087, Residue = 0066. " What is its theoretical calorific 
value, and what quantity of air will be required per lb. for its proper com- 
bustion in a boiler furnace ? 

NoU.—CtiL values 14,60o{o + 4*28rH - ?^) } B.T.U. 

Weight of air per lb. theoretically necessary = 11*6 {o + 8 Th - ^^ | lbs 

In a certain engine the steam is exhausted at 10 lbs. pressure absolute 
(temperature 193' F.). Temperature of water in feed tank 100' F. How 
much circulating water must be pumped through the condenser, by the 
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oircttlatinff jpumpa, for each lb. of steam condensed? Temperature of sea 
water, 60 F. ; efficiency of cooling surface 0*8. 

^ote.— Heat rejected to condenser per lb. = 19S - 100 + {066 - *71 (193 - 212| asl072*5 
T.U. •' 

Biae of temperature of circulating water s= *8 (100 - 60) = 82*. 

a =— s — = 83*6 IbB. per lb. of steam. 

Where are thin plates to be looked for in a boiler when it wears, and 
how is the thinness to be detected ? (See pp. 172, 256, 321.) 

What parts of a marine tubular boiler are first injured by shortness of 
water? 

Sketch and describe the construction of a glass water gauge mounting on 
a boiler, with its connections. How is it packed and what attention does 
it require when the boiler is in use ? 

^oto.— Bee pp. 78, 74. 

How is the leak from a split tube stopped in a boiler in use ? Describe 
the operations necessary. (See pp. 188, 320.) 

Sketch a marine boiler of *' tank " type, giving a longitudinal section and 
front elevation without smoke-box doors. Explain how the several parts 
are designed and arranged to resist internal pressure. Give sketches 
showing the attachment of the various stays. 

Suppose on making the drill test of a boiler you discovered a thin plate 
(a) in the shell ; (6) in a flat surface ; how would you ascertain the proper 
pressure at which the boiler should be worked ? 

Note.— In Admiralty practice the stress/ allowed in the shell plates is 12 tons per sq. 
in. under the test pressure p ; the latter is 00 lbs. greater than the working pressure, 
when the latter is above 00 lbs. per sq. in. Then, if t be the thickness of the plates, the 

_. TV 

rule is t = - g . where e is the efficiency of the joint, about 80 per cent. 

For flat surfaces the rule is P^ = C — ; p is test pressure in lbs. per sq. in., < = thicknewi 

in ^"t F' is pitch of the stars, and a const, depending on the attachment of the 
stays, if these be nutted on both sides of the plate, = 176 to 200. 

Name the principal deposits found in a boiler fed with salt water. 

Why is it essential that the heating surfaces of boilers should be kept 
thoroughly clean ? 

State what you know of the causes of leaky tube ends in a boiler worked 
under forced draught with closed stokeholds. 

JTote.— Describe the benefit which follows the use of the Admiralty ferrule. 

Mention any cases you are acquainted with in which defects in a boiler 
have resulted from improper application of stays. Explain how the 
arrangement differed from that usually found to be successful. 

What particular difficulties have been experienced in double-ended boilers 
with a combustion chamber common to the furnaces at opposite ends ? 

JTote.— Orerheating of the tube ends occurred, caused by the high temperature at which 
the gases reached the tubes. If each furnace has a separate combustion chamber, the 
plate heating surface is greater, and the temperature of uie gases at the entrance to the 
tub€« is reduced ; the extra water spaces provide a better water circulation. 

Describe the proper measures to be taken for the oare and preservation 
of boilers not in use. (See p. 167.) 

Describe fully the matters requiring attention in the care and manage- 
ment of a particular type of boiler whilst under steam. 



APPENDIX It 379 

l)escribe the duties of an engineer of the watch on being ordered to raise 
Bteam (a) in connection with the boilers, (6) in connection with the engines. 

Describe fully the duties of an engineer of the watch when steaming. 

Explain and show by a sketch the manner in which a steering engine is 
controlled in order that it shall promptly f oUow the motions of the deck 
wheel. How would you proceed!^ to " connect up" such an arrangement as 
you describe? (Seep. 39.) 

What precautions are necessary in the working of the capstan engine ? 

Kote.—A certain limit of steam pressure must not be exceeded, because the engine is 
designed to give a certain maximum pull on the cable at that pressure. The thrust 
blocks may tend to warm up, and a water service should be arranged. 

Why is water pressure preferred to steam pressure for working the 
mechanism of heavy guns ? What are the relative advantages and disad- 
vantages ? 

Mention the precautions to be observed in order to preserve the various 
parts of the hydraulic system from damage by frost. 

Describe the principal features of a hydraulic pumping engine. Illustrate 
your description by sketches, showing a section of the pump and valve 
chambers. 

In triple-expansion engines fitted with independent linking-up gear to 
each slide valve, describe the effect, on the total I.H.P. and the I.H.P. of 
each cylinder, of linking up each slide valve separately, other conditions 
remaining the same. 

The effect of linking up the H.P. alone is to decrease the power of the engines. 
Linking up either the M.P. or L.P. slide alone decreases the power in the preceding 
cylinder by raising its back pressure, but increases the power in the cylinder linked up 
and does not alter the total I.H.P. of the engines. 

Sketch and describe the packing in the stuffing-boxes of the piston-rods 
of the main and auxiliary engines of a modern battleship. (See pp. 129, 
131, 342.) 

If engines driven by Belleville boilers be suddenly eased, describe the 
effect on the water level in the gauge glasses on the boilers and of the 
automatic feed apparatus on the feed pumps. (See Supplement to S.M,) 

Describe the method you would adopt, and the precautions to be taken, 
in fitting either the spare junk ring or a spare pair of crank-pin brasses in 
place. What clearances would you allow, under different circumstances, 
to be assumed and stated by yourself? (See pp. 106, 107, 108, 165.) 
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APPENDIX IIL 

REGULATIONS RELATING TO THE EXAMINATIONS 

OF ENGINEERS 

Under the Merchant Shipping Act, 1894. 

Qualifleations for Certifieates of Competency.*— Second- Class 

Certifioate. — ^A caadidate for a second-class engineer's certificate must be 
twenty-one years of age ; 

(a) Me must have served an apprenticeship to an engineer for three years 
at least, and prove that during the period of his apprenticeship he has been 
employed on the making and repairmg of engines ; or, if he has not served 
an apprenticeship, he must prove that, for not less than three years, he has 
been employed as a journeyman mechanic in some factory or workshop on 
the making or repairing of engines. In either case he must also have served 
one year at sea in the engine-room as an engineer on regular watch in the 
foreign, home, or coasting trade t; or 

(6) He must have servea at least four years at sea in the engine-room as 
an engmeer on regular watch in the foreign, home, or coasting trade. 

(c) He must be able to give a description of boilers, and the methods of 
staying them, together with the use and management of the different 
valves, cocks, pipes, and connections. 

{d) He must understand how to correct defects from accident, decay, &c., 
and the means of repairing such defects. 

(e) He must understcuia the use of the barometer, thermometer, and 
salinometer, and the principles on which they are constructed. 

(/) He must state the causes, effects, and usual remedies for incrustation, 
and corrosion. 

{g) He must be able to state how a temporary or permanent repair could 
be effected in case of derangement of a part of the machinery, or total 
break down. 

{h) He must writo a legible hand, and understand the first five rules of 
arithmetic, and decimals, and their application to questions about consump- 
tion of stores, and full capacities of tanks and bunkers, the duty of pumps, 
and the direct strains in engines and boilers. 

(t) He must be able to pass a creditable examination as to the various 
constructions of paddle and screw engines in general use ; as to the details 
of the different working parts, external and internal, and the use of each 
part. 

(j) He must possess a creditable knowledge of the prominent facts 
relating to combustion, heat, and steam. 

First-Class Engineer. — A candidate for a first-class engineer's certificate 
must be twenty-two years of age. 

In addition to the qualification required for a second-class engineer : — 

* For the various qualifications accepted in lieu of those here given see the pamphlet 
on this subject published by Messrs. wyman & Sons, Limited; price threepence. 

t Two-thirds only of the length of service in the home or coasting tra% is reckoned 
towards sea service^ 
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(a) He must either pcNSsess or be entitled to a first-class engineer's certi- 
ficate of service ; or, in the event of his not being so possessed or entitled, he 
must have served for one year at sea as second engineer in a foreign-going 
steamship or a home-trade passenger steamship with a second-class engi- 
neer's certificate of competency vaud in the United Kingdom, or for two 
years at sea as second engineer with a second-class engineer's certificate of 
service ; or having served one year at sea as second engineer with a second- 
class engineer's certificate of service, he must show, in addition, at least 
six months' service as chief engineer in a vessel required by law to carry at 
least one engineer holding a certificate. 

The examiner should therefore be satisfied that an applicant for a first- 
class engineer's certificate has not only been in possession of a second-class 
certificate for the periods above stated, but that he has actually served for 
such periods in the engine-room, at sea with a second-class certificate, in 
the capacities referred to, and that his name has been entered in the articles 
of agreement accordingly, 

(&) He will be required to Inake an intolli^ble hand sketch, or a working 
drawing of some one or more of the principal parts of a steam engine, and 
to mark in, without a copy, all the necessary dimensions in figures, so that 
the sketch or drawing could be worked from. 

(c) He must also be able to take off and calculate indicator diagrams. 

(d) He must be able to calculate safety-valve pressures, and the strength 
of the boiler shell, stays, and riveting. 

(e) He must be able to state the general proportions borne by the prin- 
cipal parts of the machinery to each other, and to calculate the direct stress, 
the torsional stress, and the bending stress in round bars, and the direct 
stress and the bending stress in rectangular bars with given loads. 

(/) He must be able to explain the method of testing and altering the 
setting of the slide valves, and to sketch about what di&rence any altera- 
tion in the slide valve will make in the indicator diagram, and also the 
method of testing the fairness of shafts, and of adjusting them. 

(g) He must be conversant with surface condensation, superheating, and 
the working of steam expansively. 

{h) His uiowledge of arithmetic must include the mensuration of super- 
ficies and solids, the extraction of the square root, and the application of 
these rules to questions relating to the power, duty, and economy of engines 
and boilers, and to the stresses in rods, shafts, and levers of engines. 

Examination for an Extra or Honorary Certificate. — This examin- 
ation is voluntary ; it is held once in three months only, and extends over 
several days; notice must be given at least one week before the date 
of examination. 

If the candidate passes he will receive the certificate at once, without 
being required to have served two years at sea with a first-class engineer's 
oertmcate of competency, as formerly. 

(a) The candidate must possess a thorough knowledge of the construction 
and working of the different forms of marine engines and propellers in all 
their parts, and be so far acquainted with the elements oi theoretical 
mechanics as to comprehend the general principles on which the machine 
works, and to illustrate his knowledge of these principles by numerical 
examples. 

(h) He must possess a knowledge of the theory of strain and stress suffi- 
cient to be able to deduce the ordinary rules for the bending of rectangular 
bars, and for the twisting and bending of round bars. 

(c) He must be acquainted with the principles of expansion and the 
modern theory of heat j and be able to solve, with the assistance of his owp 
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book or withont books, according as the examination papers may be set, 
questions in economy and duty in connection with engines and boilers. 
{d) He must understand how to apply the indicator, and to draw the 

§ roper conclusion from the diagrams, and to construct the approximate 
iagrams for any given data. 

(e) He must l>e able to produce, without a copy, a &.ir working drawing 
of any part of the machinery, with figured dimensions fit to work from. 

(/) lie must understand the principles of the action of the screw pro- 
peller and the paddle wheel, and must be able to estimate numerically the 
efifect, in speed of ship, and consumption of fuel, due to any alteration in 
pitch, diameter, revolutions, &c., &c. 

ig) He must be able to give a description of boilers and the methods of 
staying them, and must show that ne possesses a knowledge of the 
theoretical principles which regulate their construction, and that he is able 
to calculate the strength of the boiler shell, stays, and riveting. 

(h) He must understand the general nature of the strains and stresses 
produced by the steam pressure, and by the expansions due to unequal 
temperatures in boiler shells. 

(t) He must have a knowledge of safety-valve construction, and the 
principles involved in determining the size of a safety valve, and the con- 
struction of spring-loaded and dead-weicht valves. 

(k) He must possess a thorough knowledge of the theory of combustion ; 
the chemical composition of fuels ; the evaporative duty of fuels of given 
composition ; the production of draught; the efifect in regard to economy, 
safety, and wear and tear, of increasing or of diminishing the proportion of 
heatinjp; surface, of grate bar surface, of area of section of air passages, of 
area of water surface, of steam space capacity and water capacity. 

(I) He must be able to ex]9lain the formation of scale and the precipita- 
tion of salt, and the precautionary means adopted in respect thereto, with 
jet condensers, and with surface condensers. 

(m) He must understand the general nrinciples involved in the construo- 
tion of the barometer, thermometer, saiinometer, and steam and vacuum 
gauges. 

(n) He must be familiar with the general results obtained from past 
experience in relation to corrosion, pitting, and galvanic action in boilers, 
and the use of zinc and of soda in boilers. 

(o) He must give a variety of illustrations of how defects have arisen 
from accident, imperfect construction, or deterioration, and how these 
defects might have been prevented, and the best way of repairing such 
defects. 

{p) He must possess an intelligent knowledge of the properties of the 
lubricants, boiler cements, and inoiarubber in general use m steamers. 

iq) He must understand the causes of spontaneous combustion, and the 
formation of explosive gases in coal holds, and the precautionary measures 
proper to prevent accidents from these causes. 

(r) The candidate may, with his application to be examined, send in 
questions set by himself and worked in lus own way, without books. These 
must be forwarded to the chief examiner of engineers. This is to aiferd 
him an opportunity of showing to the best aavantase what he knows. 
Questions based upon these examples will be afterwards put before him to 
test the soundness of that knowledge. 

(a) To give scopo to test the imormation and reasoning power of the 
candidate, the questions may be framed upon anv well understood objects, 
such as are employed in text books to illustrate the action of some principle 
of engineering science , 



APPENDIX III. 383 

Engineers and assistant engineers in the Royal Kavy are at liberty to 
apply for certificates of service, and to be examined for certificates of 
competency in the mercantile marine ; but the Lords Commissioners of the 
Admiralty have directed that the applications of officers on the active list 
should be made through their commanding officer, and that the applications 
of officers on half -pay should be made to the secretary of the Admiralty, 
who in either case will forward the application to the Board of Trade. 

An assistant engineer, R.N., may oe examined for a second-class certi- 
ficate of competency, and an engineer, R.N., for a first-class certificate. 

Temporary active service as engineer in the Royal Navy counts in appli- 
cations for certificates of competency in the same way and to the same 
extent only as in the case of the service of mercantile marine engineers — 
that is to say, so much of the applicant's time as is spent in active service 
at sea, or in a ship commissioned for sea service, counts as " sea service " ; 
and 80 much of the applicant's time as is spent in active service on board 
ship in harbour, and not commissioned for sea, counts as workshop time. 

Service performed in the capacity of engine-room artificer may count to 
qualify a candidate for examination for a second-class ensineor's certificate 
of competency in the mercantile marine, n the service nas been on shore 
it will only count as workshop time. If in the engine-room at sea the 
candidate must prove that during such service he had charge of an engine- 
room watch. 

For further information see the pamphlet entitled Examination of 
Engineers, Examination 16, printed by Messrs. Wyman & Sons, Limited, 
price one penny ; also the books already mentioned, p. 25. 
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Acidity, To test for, 94, 166. 
Adjustments, when required, 59. 

„ Methods of, 101, 103, 

148. 
Air blowing engines, 330. 
„ compressing pumps, 279. 
„ (dry) refrigerating machines, 296. 
„ pump, Gl^ds of, 55, 148, 
„ „ valves, 147. 
„ supplv, 71, 85. 
,, vessel, 375. 
Alignment of shafting, 137. 
Alkalinity, To test for, 94, 166. 
Ammonia refrigerating machine, 308. 
Annealing copper pipes, 151. 
Arrangement of machinery, 5. 
Ashes, 25, 79, 95. 
Automatic feed regulators, 237, 317, 

336, 347, 358. 
Auxiliary condenser, 6, 147. 

engines, Economy of, 6. 
I.H.P., 10. 
List of, 7. 
On starting, 98. 
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Babbbtt's white metal, 159. 
Baboook & Wilcox boilers, 344. 
Banking fires, 92, 334, 353, 365, 368. 
Bearings, Adjustments of, 101, 103, 
148. 
Clearance in, 106, 137, 

138, 142. 
Befilling with white metal, 

157. 
Refit of, 102. 
Warm, 57. 
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Beck's valve, 193. 
Belleville boilers. Working of, 325. 
„ packing, 342. 
,, pump, 232. 
Belliss air compressor, 287. 
Bilges, Pumping out, 60, 91, 95. 
Blowing down boilers, 347, 359. 
Board of Trade certificates, 23, 380. 

„ survey, 28. 

Boiled oil, 214. 
Boiler, bulges, 179. 

cleaning, 92, 168, 323, 350, 
360, 369. 

corrosion, 169. 

Cracks in, ] 80. 

joints, 176, 177. 

notation, 175. 

Preservation of, 167, 350, 
360, 369. 

Repairs of, 175. 

Tests of, 172, 324, 351, 365. 
Brass, Composition of, 144. 
Brazing copper pipes, 156. 
Brickwork of furnaces, 88, 323, 340. 
Bright work, 210. 
Brine pump, 246, 251. 
Brining, 242. 

Brotherhood's air compressor, 280. 
Bulses in boiler, 179. 
Bunkers, Coal, 201. 
Bushes of A frames, &c., 137, 322. 
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Caibd & Rayner's evaporator, 251 
Capstan engine, 35, 37, 91. 
Carbonic anhydride refrigerator, 303. 
Castings, 159. 

Cement, Portland, 169, 198, 200. 
Centrifugal lubricator, 46. 

25 
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Centrifugal pnmp, 66, 148. 
Certificates, Board of Trade, 23, 380. 
, , Engineer Officers', R. N. , 

375, 383. 
Circulating water, 40, 145, 160. 

„ pump, 148. 

Cleaning boilers, 02, 168, 323, 360, 
360, 369. 
„ tubes, 84, 02, 323, 339, 348, 
361. 
Clearance, in bearings, 106, 137, 13S, 
142. 
of solid pistons, 106. 
Piston, 118. 
Closed engines, 260. 
Coal bunkers, 201. 
„ Calorific value of, 87. 
,, consumption, Kate of, 72, 
„ „ Warship's, 8. 

„ Economy of, 100, 334. 
Coaling ship, 204. 
Combination Co.'s metallic packing, 

129: 
Combustion, Air supply, &c., 84. 
Composition of white metal, 169, 322. 
Conaenser, Auxiliary, 6, 147. 
,, Cleaning, 144. 

Tests of, 145. 
tube glands, 144, 146. 
tubes, 144, 146. 
Copper steam pipe repairs, 155. 

,, pipes, 150. 

Corrosion of boiler plates, 169. 
,, copper pipes, 375. 

,, propeller blades, 161. 

Coupling bolts, 142. 
,, Loose, 138. 
Cracks in boiler plates, 180. 
„ steam passages, 125. 
,, ,, pipes, 150. 

,, water pipes, 196. 
Crankhead bearing, 105, 114. 
Crank-shaft flaws, 133. 

,, Line of axis, 116. 

,, repairs, 136. 

Crank- shafts, Built, 134. 
Crosshead bearing, 104, 114. 

,, Jaw of, 110. 
Cunard Fleet, Particulars of, 11, 

13. 
Cylinder drains, Lead of, 41. 
Examination of, 117. 
Expansion of, 112. 
Liner joint, 126. 






Dastmbteb, 86. 

Day's duty in harbour, 19, 97. 

••Dead"jpoint, 128. 

Deck indicator, 192. 

Defects, Notation of, 44. 

Density of boiler Water, 78, 94, 242. 

„ feed- water, 56, 318. 
Destroyer (T.B.) machinery, 316. 
Diagrams, Indicator, 66. 
Disinfectant powder, 209, 255. 
Distilling condenser, 250, 263. 
Dockinff, On, 159. 
Double Dottom, Care of, 198. 
Drain, Main, 95, 194. 
Drains, Auxiliary engine, 54, 99. 

,, cylinder, Le»l of, 41. 

„ Steam jackets of, 61. 

,, Safety vaJve, 175. 
Drill test of boilers, 172, 324. 
Dry docking, 159. 
Duplex pumps, 221. 
Duties ot engineer officers, 16, 21, 30. 

,, of watch, 43. 

Dynamos afloat, 266. 
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Valve face, 126. 



Egcentbic straps. Adjustment of, 

117. 
Economical speed curve, 72. 
Economy of coal, 100, 334. 
Efficiency, Steam engine, 69, 72. 
Ejectors, 324. 

Electric light machinery, 258. 
Engine, Adjustment of, 40. 
Engine-room register, 74, 98. 
Entry of engineers in merchant ser- 
vice, 21, 380. 
Evaporators, 241. 
Examination of cylinders, 117. 

„ engineers, 22, 375, 

380. 
Expansion, Economy of stage, 376. 
,, glands, 150. 

,, joints, 161. 

„ Hate of, 65. 



Feed pumps, 80, 219. 
„ -pump tests, bO* 
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Feed -water, 166, 169. 
„ ,, Density of, 56, 318. 
,, ,, heaters, 71, 170, 236, 

238. 
„ „ make up, Quantity of, 

241, 317. 
„ „ regulators, 237, 317, 336, 

847, 358. 
, , „ tanks. Reserve, 200, 316. 
,, „ Temperature of, 347. 
Ferrules, Admiralty, tube,' 185. 
Filters for feed-water, 166, 317. 

,, oil, 258. 
Firebars, 88. 
Fire damp, 203. 
„ main, 195. 
Fires, Cleaning, 29, 83, 332, 346. 
„ Thickness of, 319, 345, 354, 
366. 
Firing, 83, 319, 329, 344, 354, 366. 
Flaming, 319, 357. 
Flooding valves, 160, 194. 
Forced draught working, 33, 255, 

319, 366. 
Friction, Experiments on, 49. 
,, test of shafting, 162. 
Frost, Precautions against, 276. 
Funnel paint, 213. 
„ wash, 214. 
Fusible plugs, 337. 



G 



Gauge glass adjustment, 79, 343. 

„ Test of, 77. 

Creneral arrangement of machinery, 4. 
Glands, Metallic packing for, 128, 
129, 258. 
„ Metallic packing for, small 

engines, 131. 
„ of stop valves, 36, 131. 
„ Soft packing for, 133. 
Governor, Setting of, 260. 
Green paints, 213. 
Guide bearing of crosshead, 108. 
„ surface, Truth of. 111. 



H 



Hall's refrigerator (COg), 303. 
Hand pumps, 196. 
Harbour routine for engineers, 19. 
„ warships, 94. 



Haslam's refrigerators, 298, 315. 
Hoists, hydraulic, 275. 
Horizontal engines. Pistons of, 118. 
Hot rods, 59. 

Hull, The, and fittings, 190. 
Hydraulic machinery, 270. 
Hydrometer cocks, 79. 
Hydrometers, 56, 78. 



LH.P. of auxiliary engines, 9, 10. 

„ representative warships, 8. 
"Inchmona," Particulars of, 69. 
Indicator, Deck, 192. 

,, diagrams, 66. 
Inspection of boiler tubes, 349, 360. 



Jackets, Steam, Adjustments of, 61. 
„ „ experiments, 62. 

„ „ Pressure in, 65. 

Japan black, 213. 
Joints, Boiler, 176, 177. 
Hydraulic, 274. 
Steam, 152, 156. 






Laibd's feed- water regulator, 237. 
Laminations in boiler plates, 182. 
Laps for bearings, 102. 
Laying fires, 32, 326. 
" Leads," Taking, 101. 
Leakage, boiler mountings, 176. 

,, in condenser, 144. 
Leathers for air compressor, 289. 
„ for hydraulic machinery, 
272. 
Lift of pumps, 198. 
Lime in boilers, 321, 335, 349. 
Linde refrigerating machine, 310. 
Line of shafting, 116, 138, 322. 

,, stroke, 111, 113. 
Liners, Cylinder, 126. 

,, G.M., Securing, 135. 
Link gear. Adjustment of , 116. 
Linkinff up, 6.5. 
Linseed oU, 214. 

Litmus tests of boiler water, 94, 166. 
Loose coupling, 138. 
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Lubrication, Automatic, 52, 260. 
Experiments on, 49. 
Forced, 53, 260. 
Internal, 53. 
of bearings, 45, 268, 

322. 
of warm bearings, 58. 
Stern gland, 45. 
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Maik bearings, 105, 138, 141. 

„ drain, 95, 194. 
Metallic packing for glands, 128, 129. 
Mumford's pump, 231. 



N 



NiCLAUBSB boilers, 353. 
Normand's boiler, 321. 
Normandy's condensing plant, 252. 
Notation, Boiler, 175. 

„ Engine-room Register, 76. 
Nuts, Marking of, 101. 



Oil filters, 166, 258. 
„ Lubrication, 46. 
Oilways, Lead of, 47, 48, 51, 260. 
Opening out steam valves, 34, 37, 38. 



Paokino glands, 128, 129. 

,, Sausage, 131, 343. 
Paints and painting, 209. 
Patches, Boiler, 183. 
P. and O. Fleet, 13, 28. 
Petty Officer, Orders for, 97. 
Pipes, Steam, 150. 
Piston, Clearance of, 114, 118, 322. 
removal of, 121. 
valve, solid. Clearance of, 
106. 

Piston-rod, Bent, 113. 
cone, 121. 
Straightening, 123. 
valves, 127. 
Pitch, Mineral, 215, 217. 

of propeller blades, 162. 
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Pitting of boiler plates, 169, 182. 
,, propeller blades, 161. 
Planimeter, 68. 
Plummer blocks, 45. 
Portland cement, 169, 198, 200. 
Preservation of boilers, 167, 350, 360, 

369. 
Preservative drink, 212. 
Priming, 82, 318. 
„ fires, 32. 
Propeller, Pitch of, 162. 

„ shaft couplings, 138, 142. 

„ shafting flaws, 135. 

,, ,, Examination of, 

161. 
„ ,, Lubrication of ,45. 

Pumps, Belleville, 232. 
„ Brine, 246, 251. 
Centrifugal, 148. 
Duplex and direct -actings 

80, 221. 
Hand, 196. 
Mumford's, 231. 
On starting, 99, 226, 234. 
Reciprocating, 219. 
Weir's, 222. 
Worthington's, 228. 
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Raising steam order form, 39. 

„ Precautions, 31, 326, 

344, 353. 

,, Routine, 34. 

,, Time required, 36. 

Red paints, 211. 
Reed's feed- water regulator, 238. 

„ water-tube boiler, 321. 
Refrigerating machines, 296. 
Register, Engine-room, 74, 98. 
Relief rings on flat slide valves, 129* 
Repairs of boilers, 175. 
„ engines, 101. 

Reserve' feed- water tanks, 200, 316. 
Rollers, Tube, 184. 
Routine, P. and 0., 28. 
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Safety valves, 175, 324. 

„ valve drains, 175. 
Salt water leaks, 56. 
Sea watches, 17. 
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Seams, Boiler, 176. 
Shafting, Propeller, 136, 161. 
Shafts, Flaws in, 133. 

,, Line of, 116, 137. 
Shrinking, Securing pins by, 135. 
Shutting off steam, 90. 
Sighting up line of bearings, 138. 
Slide valve face, 126. 

„ setting, 128. 

Slippers, Adjustment of, 109, 1 14. 
Sluice and drain valves, 96. 
Smoke baffles, 334. 
Soap, soft and hard, 209. 
Soda, 166, 167, 172, 351, .360. 
Spare gear for boilers, 189. 

„ engines, 164, 210. 

Sparking of dynamos, 269. 
Spontaneous combustion, 97, 203. 
Spring ring. Clearance, 107. 

„ Fit of, 59, 108, 118. 

„ Wear of, 113, 118. 

Staff, Engine-room, 23, 30. 
Starting the engines, On, 40, 98. 
Stays, Boiler, 178, 183. 
Steam boats, 254. 

engine efficiency, 69, 72. 

jackets, 61. 

passages, 118, 125. 

pipes, 150. 

traps, 54. 
Steering engine, 39. 
Stern tube. Bush of, 137, 138, 322. 
Stoking, 83, 318, 328, 344, 354, 366. 
Stopping suddenly. On, 90, 318, 348. 
Stop valves. Opening out, 38, 81. 

,, Seized, 36. 

Supplementarv feed-water, 317. 
Survey, Board of Trade, 28. 



Tar, Coal, 218. 

Telegraph, Eneine-room, 38, 200. 
Temperature of feed-water, 347. 
Temperley transporter, 206. 
Test, Drill, of boilers, 172, 324. 
„ Friction, of shafting, 162. 
„ Water, of boilers, 173. 
Testing gauge glasses, 77. 
Thornycroft boiler, 321. 

,, feed -water regulator, 

237. 
Thrust block, 49, 141. 

Lubrication of, 48, 49. 



Thrust bracket for auxiliary engine, 
148. 

„ rings. Wear of, 115. 
Torpedo-boat machinery, 316. 
Training of engineers, 14, 21, 
Trials, Boiler, 86, 88. 

„ Engine, 70, 72. 
Triple screws, 3. 
Tube roller and ferrules, 184. 

„ stoppers, 188, .320. 

,, straighteners, 338. 
Tubes, Boiler, 184, 321. 

„ Burst, 319, 370. 

„ Cleaning, 84, 92, 323, 339, 
348, 360. 

„ Condenser, 144, 146. 
" Turbinia," 3. 
Turpentine, 210. 
Twin screws, Advantages o^ 3. 
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Undeb water fittings, 160. 

United States Co.'s metallic packing, 

loo. 
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Vacuum, Faulty, 65. 
Valves, Air-pump, 147. 

„ Piston slide, 127. 

„ Slide, Weir's, 223. 
Varnish, 216. 

Vertical engines. Advantages of, 2. 
Ventilation arrangements, 193, 203. 
Voice pipes, 201. 
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Wabm bearings, 57. 
Warships, Table of representative, 8. 
Watch, Charge of, 25, 43, 77. 
Water level in boilers, 77, 81, 328, 
337, 346, 357. 
,, -pressure test of boilers, 173, 

324, 351, 365. 
„ service, 44, 58. 
,, -tight doors, 190. 
tube boilers, 316. 

, , Raising steam in, 

36,325,344,353. 
Wear down of propeller shaft, 161. 
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Weigh shaft. Adjustment of, 1 17. 
Weight of machinery of warships, 8. 
Weir's evaporator, 245. 

,, feed pump, 222. 

„ feed- water regulator, 238. 
White lead, 212. 

„ metal, 129, 157. 

,, ,, Composition of, 159, 

322. 

,, wash, 210. 
Winchmen, 27. 
Wins spaces, 202. 
Worlinff up to full speed, 41. 
Worstea for oil cups, 32. 
Worthington pump, 228. 



Ya&sow boilers, 366. 
Yarrow's feed- water regulator, 240. 
Y^ow ochre paint, 214w 
wash, 214. 
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ZiNO boxes, 220. 
„ slabs, 144, 168, 187, 220. 
„ white, 212. 
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INTRODUCTORY 80IEN0E SERIES. 19 

"Boys OOULD NOT HATE A MORB ALLUBINQ INTRODUOTION tO BOlentiflO porsilitl 

than these charming-looking volumes. "—Letter to the Publishers from the Head* 
viaster of one of our great Public Schools. 

Handsome Cloth, Ts. 6d. Gilt, for Presentation, Ss. 6d. 

OPEIi-mil STUDIES qi BOTJUIY: 

SKETCHES OF BRITISH WILD FLOWERS 

IN THEIR HOMES. 

By R. LLOYD PRAEGER, B.A., M,R.LA. 

Illiistpated by Drawings f]*om Nature by S. Rosamond Praeger, 

and Photographs by R. Welch. 

General Contents. — A Daisy-Starred Pasture — Under the Hawthorns 
— By the Kiver — Along the Shingle — A Fragrant Hedgerow — A Connemara 
Bog — Where the Samphire stows — A Flowery Meadow — Among the Com 
<a Study in Weeds) — ta the Home of the Alpines — A City Rubbish-Heap — 
Glossary. 

" A FBBBH AND BTDCTTLATiNa book . . . should take a high place . . . The 
Illustrations are drawn with much skill."— T%« Timea. 

"BBAunFULLT ILLUSTRATED. . . . One of the MOST AOOURATB as well as 
CNTERB8TIN0 books of the kind we have seen."— ^eft^msutn. 

"Redolent with the scent of woodland and meadow."— TA0 Sta/ndard, 



With 12 Full-Page llluatrationa from Photographs. Cloth. 
Second Edition, Revised. 8s. 6d. 

OPE|i-flIll STUDIES HI GEOIiOGY: 

An Introduction to Geology Out-of-doors. 

By GRENVILLE A. J. COLE, F.G.S., M.R.LA., 

Professor of Geology in the Boyal College of Science for Irelandj 
and Examiner in the University of London. 

General Contents. — The Materials of the Earth— A Mountain Hollow 
— Down the Valley — Along the Shore — ^Across the Plains — Dead Voloanoes 
—A Qianite Highland— The Annals of the Earth— The Surrey Hills— The 
Folds of the Mountains. 
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^The VABGiNATnro *Opbh-Aib Studxks' of Psor. Oolb five the anbjeot a glow of 
AMDfATiON . . . cannot fail to aroase keen interest in gw>logy"—Oeologieal Moffaeme. 
*' A ORAKKDXQ BOOK, beantifuUy illnstrated.** —Athenantm. 



Beautifully Illustrated. With a Frontispiece in Colours, and Numerous 
Specially Drawn Plates by Charles Whymper. 7s. 6d. 

OPEMm STUDIES Hi BlHWiIFE: 

SKETCHES OF BRITISH BIRDS IN THEIR HAUNTS. 
By CHARLES DIXOK 

The Spacious Air.— The Open Fields and Downs.— In the Hedgerows.— On 
Open^Heath and Moor.— On the Mountains.— Amongst the Evergreens.— 
■Copse and Woodland. — By Stream and PooL — The Sandy Wastes and Mud- 
^to. — Sea-laved Rocks.— JBirds of the Cities. — Index. 

*' Enriched with excellent illustrations. A welcome addition to all.llbraries."— ^ifj/- 
4Hin$Ur Review. 
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Third Edition, Revised and Enlarged. Large Crown 8yo, with numerous 

Illustrations. 3s. £l 

THE FLOWERING PLANT, 

WITH A SUPPLEMENTARY CHAPTER DN FERNS AND MOSSES. 

As lUiurtrating the First Frinoiples of Botany. 
By J. R. AINS WORTH DAVIS, M.A., F.Z.S., 

Pkof. of Biolosy. University College, Aberystwydi ; Examiner in Zoology, 

Univeraity of Aberdeen. 

"It would bo haid to find a Text-book wbidi would better guide the student to an accorat» 
knowledge of modem discoveries in Botany. . . . Tbe scibmtific accuk acv of statement* 
and the concise enosition of first principlbs make it valuable for educational purposes. Ib 
the chapter on the Physiology of Flowers, an admirabU rtsumi,&ra:wn firom Darwin, HermanA 
littUer, Kemer, and Lubbooe, of what is known of the Fertilization of Flowers, is given. "- 



POPULAR WORKS ON BOTANY BY MRS. HUGHES-GIBB. 

With Illustraaons. Grown 8vo. Oloth. ai. 6d. 

HOW PLANTS LIVE AND WORK: 

A Simple Intpoduetlon to Real Life In the Plant-world, Based on Lessons 

oplflrinally given to Country Children. 

By ELEANOR HUGHES-GIBB. 
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OBUOHVPUUT vaiBH and cBABMme littlb book. It ought to be in the hands of every Mother 
and Teacher throughout the land. 

" The child's attention is first secured, and then, in language bimplb, tb* bcibbvivioallt 
▲ccUBATB,the first lessons in plant-Ufe are set before it."— Jfotwral ^Science. 

" In every way well calculated to make the study of Botany attbacvitb to the yoong."— 
AsoCiflwm 



With Illustrations. Croinrn 8vo. Gilt, 28. 6d.. 

THE MAKING OP A DAISY; 

*' WHEAT OUT OF LILIES;" 

And other Studies from the Plant World. 

A Popular Introduction to Botany. 

By ELEANOR HUGHES-GIBB. 

Author of Hofw Plants Live and Work. 

'* A bright little introduction to the study of Flowers,*'— /otima< o/BoUmff. 
** The book will afford real assistance to those who can derive pleasure from the stady of 
Nature in the open. . . . The literary style is oommendable.'*— f nowise^. 
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Thikd Edition, Revised, with an Additional Chapter <m FoundcUians^ 
Numerous Diagramst Examples, and Tables. Large Zvo, Cloth, i6s. 

THE DESIGN OF STRUCTURES: 

A PnMtlOAl Tffantliie on the Building of Brtdgea, 

Roofs. dH». 

By S. ANGLIN, C.E., 

ICuter of ■acineering, Royal University of Ireland, late Whitworth Scholar, &c 

"We can unhesitatingly recommend this work not only to the Student, as the bms9 
TIbt^Book on the subiect, but also to the professional engineer as an hxckkoinglv 
TALUABLK book of rtfertocc^^—MwhaMteat IVarid, 



Third Edition, Thoroughly Revised, Royal 8fw. fVith numerous 
Illustrations and 13 Lithographic Plates, Handsome Cloth, Price 305. 

A PRACTICAL TREATISE ON 

BRIDGE-CONSTRUCTION: 

Being a Text-Book on the Construction of Bridges in 

Iron and Steel. 

FOR THE USE OF STUDENTS, DRAUGHTSMEN, AND ENGINEERS. 
By T. CLAXTON FIDLER, M. Inst. CE.. 

Pro€ of Engineering, Unirersity College, Dundee- 

"The new edition of Mr. Fidler*s work will again occai>y the same OON- 
BPiouous POSITION among professional text-books and treatises as has beex^ 
accorded to its predecessors. Sound, siuplb, and full." — The Engineer, 



In Medium Svo, Handsome Cloth, Pp, i-xv + 248, with ovet 
100 Illustrations, Price los, 6d» net» 

COHSTRDCTMAL STEELWORK: 

Being Notes on the Praetical Aspeet and the Principles of 

Design, together with an Account of the Present 

Methods and Tools of Manufacture. 

By A. W. FARNSWORTH, 

Associate Member of the Institute of Mechanical Engineers. 

** Will be found of value to all Architects and Engineers engaged in steelwork construe^ 
tion." — Building News. 
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BNQINEERINQ AND MECHANICS. 27 

In Large 8vo. Handsome Cloth, Gilt, Uniform with Stability of Shipa 

aDd Steel SMp8 (p. 38). With 34 Folding Plates and 468 

lUnstrations in t^e Text. 30s. net. 

The Principles and Practice of 

DOCK ENGINEERING. 

By BRYSSON OUNNINGHAM, B.E., Assoc. M.Inst.C.E., 

Of the Engineers* Department, Mersey Docks and Harboor Board. 

GENERAL CONTENTS. 

Historical and Discursive. — Dock Design. — Constrnctive Appliances. — 
Materials. — Dock and Quay Walls. — Entrance Passages and Locks. — 
Jetties, Wharves, and Piers. — Dock Gates and Caissons. — ^Transit Sheda 
and Warehouses. — Dock Bridges. — Graving and Repairing Docks. — 
Working Equipment of Docks. — Index. 

"We have never seen a more profusely-illostrated treatise. It is a most important 
standard work, and should be in the hands of all dock and harbour engineers."— SteanwAip. 
"Will be of the greatest service to the expert as a book of reference."— J7n^»n«6r. 



Fourth Edition. In Two Parts, Published Separately. 

A TEXT-BOOK OF 

Engineering Drawing and Design. 

YoL. I. — Pbaotical Gbohbtrt, Plans, and Solid. 4s. 6d. 
YoL. II. — Machine and Enginb Drawing and Design. 48. 6d. 

BT 

SIDNEY H. WELLS, Wh.Sc, A.M.I.C.E., A.M.LMech.E., 

Principal of the Battenea Polytectmlo Institute, dec. 

With many lUuatroHona, apecitUly prepared for the Work, and numerous 

Example8f/or the Use of Students in Techntcal Schools and CoUeges, 

** A OAPiVAL TKSV-BOOK, arranged on an ixcauBiffT btsvim, oalcolated to give an intellifent 
grasp of the snbiject, and not the mere faculty of mechanical copying. . . . Mr. Wells shows 
how to make ooMPun woucurchDaAWiiros, discussing fkdly each step in the design."— JR«e<rloa2 



In Large Grown 8vo. Handsome Cloth. With 201 Dlustrations. 6s. net. 

AN INTRODUCTION TO 



GIRDERS, AND COLUMNS 
IN MACHINES AND STRUCTURES. 

With Sxamples in Graphic Statics. 

By WILLIAM H. ATHERTON, M.Sc, M.LMech.E. 

" There should be a strong demand for this concise treatise."— Pa^e'« Weekly. 
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Works by BRYAN DONKIN, ILInstCE., M.IiistMeeh.E., te. 

Now Ready. Fourth Edition, Revised and Enlarged. With 
additional Illustrationa. Large 8vo, Handsome Cloth. 25s. net 

GAS, OIL, AND AIR ENGINES: 

A Praetleal Text -Book on Internal Combustion Motors 

without Boiler. 

By BRYAN DONKIN, M.Inst.C.E., M.Inst.Mech.E. 

Gbmbal Comtbmts.— Oas Bnfflnes :— Genend Description— History and Develop- 
«Mnt — British, French, and Gennan Gas Engines — Gas Broduction for Motive Power — 
Theory of the Gas Engine---Chenucal Coomosition cf Gas in Gas Engines— Utilisation of 
Heat — Eamlosaon and Combustion. Oil HOtOrs: — Histoiy and Development— Various 
lypes Pnestman's and other Oil Engines. Hot-AiP Enffmes :— History and Develop* 
■a nt Various Types t Stirling's, Ericsson's, ftc., ftc 

" The BBST BOOK NOW FUBLiSHBD On GaSj Oil, and Air Engines. . . . Will be of 
VBKY GSBAT IMTBSXST to the mimerotts practical engineers who have to make tliemselves 
fiunihar with the motor of the da^. . . . Mr. 0onkin has the advantage of long 
pxAcncAL BXPBKiBNCB, Combined with high scibntipic and bxpbsimbntal knowlbdgb, 
and an accurate perception of the requirements of Engineers." — Ths Engineer. 
" A thoroughly rbliablb and bxhaustivb 'lx^»iaat'*—Engme*rmg, 



In Quarto, Handsome Cloth. With Numerous Plates. 25s. 

THE HEAT EFFICIENCY OF STEAM BOILERS 

(LlAND, marink, and IX>C0M0TIVE). 

With many Tests and Experiments on different Types of 

Boilers, as to the Heating Value of Fuels, &e., with 

Analyses of Oases and Amount of Evaporation, 

and Suggestions for the Testing of Boilers. 

By BRYAN DONKIN, M.Inst.C.E. 

General Contents. — Classification of different Types of Boilers — 
425 Experiments on English and Foreign Boilers with their Heat Effidenciet 
shown m Fifty Tables — Fire Grates of Various Types — Mechanical Stokers — 
Combustion of Fuel in Boilers — Transmission of Heat through Boiler Plates, 
and their Temperature — Feed Water Heaters, Superheaters, Feed Pumps^ 
&c. — Smoke and its Prevention — Instruments used in Testing Boilers — 
Marine and Locomotive Boilers — Fuel Testing Stations — Discussion of the 
Trials and Conclusions — On the Choice of a Boiler, and Testing of Land, 
Marine, and Locomotive Boilers — Appendices — Bibliography — Index. 

With Plates illusiraiing Progress made during recent years^ 

and the best Modem Practice, 

** Probably the most sxHAnsnvs resume that has ever been collected. A PBAonoaL 
Book by a thoroughly practical man.'*— /ron and CotU Trades Iteview. 



BY WILLIAM NICHOLSON. 

s xs o K E iL s A rr E2 »S B JW Ti. 

(See page 76 General Catalogue.) 
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BNQINEERINQ AND MB0BANI08. 31 

FouBTH Edition, Thoroughly Revised and Greatly Enlarged. 
With jN^wnerous JllustrtUions, Price lOs. 6<L 

VALVES AND VALVE-GEARING: 

A PRACTICAL TEXT-BOOK FOR THE USE OP 
ENGINEERS, DRAUGHTSMEN, AND STUDENTS. 

By CHARLES HURST, Practical Draughtsman. 

PART I.— Steam Bncrlne Valves. 
PART II.— Oas SJngrlne Valves and Gears. 
PART III.— Aip Comppessop Valves and Oeapinff. 
PART IV.-Pump Valves. 

" Mft. HuBST 8 YALTBa and yaltb-obabino will prove a Terjr valuable aid, and tend te the 
prodnotionofl^glneBofBOiBimvic DBSioNand BCONOMicALWOBKiHO. . . . Will be largely 
•oivbt after by Students and Dedgners."— Jlfarift« Sngineer. 

"■ Almost xvBBT TTPB of VALVK and its gearing is clearly set forth, and illustrated in 
mioh a way as to be rxadilt uhdbbstood and PBAonoALLT applibd by either the Engineer, 
Draughtsman, or Student. . . . Should prove both useful and valuablb to all Engineers 
seeking for bxuablb and glbab information on the subject. Its moderate price brings it 
within the reach of tJL^^-^Indtutriu and Iron. 



Hints on Steam Ensrine Deslfirn and Construction. By Ghables 

HuBST, "Anthor of Valves and Valve Gearing." Second Edition, 

Revised. In Paper Boards, 8vo., Cloth Back. Illustrated. Price 

is. 6d. net. 

O0STBHT8.— L Steam Pipes.— II. Valves.— III. Cylinders.— IV. Air Pumps and Con- 
densers. -V. Motion Work.— VI. Crank Shafts and Pedestals.— VII. Valve Gear.— VIII 
Lubrication.- IX. Miscellaneous Details — Iimsx. 

** A handy volume which every practical young engineer should possess.**— 27k< Model 
Enginur. 

Strongly Bound in Super Royal 8vo. Cloth Boards. 78. 6d. net. 



For Calculating Wages on the Bonus or Premium Systems. 

For Engineering y Technical and Allied Trades, 

By henry a. GOLDING, A.M.Inst.M.E., 

Technical Assistant to Messrs. Bryan Donkin and Clench, Ltd., and Assistant Lecturer 
in Mechanical Engineering at the Northampton Institute, London, E.G. 

"Cannot fail to prove practically serviceable to those for whom they have been 
designed." — Scotsman. 



Second Edition, Cloth, 8s. 6d. Leather, for the Pocket, 8s. 6d. 

GRIFFIN'S ELECTBIOAL PRICE-BOOK : For Electrical, Civil, 
Marine, and Borough Engineers, Local Authorities, Architects, Railway 
Contractors, &c., &c. Edited by H. J. Dowsing. 

'* The Elbctrical Pricb-Book rkmovbs all mvstkrv about the cost of Electrical 
Power. By its aid the bxpbnsb that will be entailed by utilising electricity on a large or 
small scale can be discovered."— i4nr>ltV^f/. 
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Shortly. Sioond Edition. Large 8yo, Handsome Cloth. With 

lUnstratioiiB, Tables, &c. 

Lubrication & Lubricants: 

A TREATISE ON THE 
THEORY AND PRACTICE OF LUBRICATION 

AND ON THB 

NATURE, PROPERTIES, AND TESTING OF LUBRIC^TS. 
By LEONARD AROHBUTT, F.LO., F.O.S., 

Chemitt to the Midland Railway (Company, 
AND 

R. MOUNTFORD DEELEY, M.I.Mech.E., P.G.S., 

Ohief Locomotiye Superintendent, Midland Railway Company. 

CoKTmrTS.— I. Friction of Solids.— II. Liq^d Friction or YlsooBity, and FlastAo 
Friction.— IIL Snperflcial Tension.— IV. The Theory of Lubrication.— V. Lnbricants, 
their Sonrces, Preparation, and Properties.— YI. Physical Properties and Methods of 
Bzamination of Lubricants.- YII. Chemical Properties and Methods of Examination 
Af Lubricants.- YIIL The Systematic Testing of Lubricants by Physical and Chemical 
Methods.— IX. The Mechanical Testing of Lubricants.- Z. The Design and LubrioatioD 
of Bearings.- XL The Lubrication of Machinery.— Indbx. 

" Destined to become a OLAflSio on the subject."— Industries and Iron. 
" Contains practically all that is known on the subject. Deserves the carefa 
attention of all Engineers."— JRat^woy Official Guide. 



Fourth Edition. Very/uUy Illustrated, Olothf 4s. 6d. 

STEAM " BOILERS: 

TKBIB DBFEOTS, ICANAGEMENT, AND OONSTBXTOTIOH. 

By R. D. MUNRO, 

iSki^ Engineer of the SeoUish Boiler Insurance and Engine Inspection Company 

General Contents.- I. Explosions caused (z) b^ Overheating of' Plates — (a) By 
Oefective and Overloaded Safety Valves — (3) By Corrosion, Internal or External— (4) By 
Defective Desi^^ and Construction (Unsupported Flue Tubes ; Unstrengthened Manholes ; 
Defective Staying ; Strength of Rivetted Joints ; Factor of Safety)— II. Construction op 
Vertical Boilers: Shells— Crown Plates and Uptake Tubes— Man-Holes, Mud-Holes, 
and Fire-Holes — Fireboxes — Mountings — Management — Cleaning — Table of Bursting 
Pressures of Steel Boilers — ^Table of Kivetted joints — Specifications and Drawings^ 
Lancashire Boiler for Working Pressures (a) 80 lbs. ; (i) aoo Ids. per square inch respectively. 

" A valuable companion for workmen and engineers engaged about Steam Boilers, ouglit 
to be carefully studied, and always at hand."— C<>//. Guardtan. 

" The book is very useful, especially to steam users, artisans, and young Engineers.**— 
Engineer. 

By the same Author. 

KITCHEN BOILER EXPLOSIONS: Why 

they Occur, and How to Prevent their Occurrence. A Practical Hand- 
book based on Actual Experiment. With Diagram and Coloured Plate. 
Price 3s. 

LONDON: CHARLES GRIFFIN i CO., LIMITED, EXETER STREET, STRAND. 



BNQINEERING AND ME0HANW8. 33. 

r~ 

Jn Crown Svo, Handsome Cloth, With Numerous 
Illustrations, 55. net, 

EH£RY GRINDING HAGHINEY. 

A Text-Book of Workshop Practice in General Tool Qrinding,. 

and the design, Construction, ana Application 

of the Machines Emoloyed. 

BY 

R. B. HODGSON, A.M.Inst.Mech.E., 

Author of "Machines and Tools Employed in the Working of Sheet Metals." 
Introduction.— Tool Grinding. — Emery Wheels. — Mounting Emery Wheels. 
— Emery Rings and Cylinders. — Conditions to Ensure Efficient Working. ^=- 
Leading T^pes of Machines. — Concave and Convex Grinding. — Cup and Cone 
Machines. — Multiple Grinding. — "Guest" Universal and Cutter Grinding 
Machines. — Ward Universal Cutter Grinder. — Press. — Tool Grinding. — Lathe 
Centre Grinder. — Polishing. — Index. 

" Deals practically with every phase of his subject." — Ironnumger 

''Eminently practical . . . cannot fail to attract the notice of the users of this class of '~ 
tnachinery, and to meet with careful perusal." — Ghent. Trade Journal, 



Sixth Edition. Folio, strongly half-bound, 21s. 

TRAVERSE TABLES: 

Computed to Four Places of Decimals for every Minute 
of Angle up to 100 of Distance. 

For the use of Surveyors and Engineers. 

BY 

RICHARD LLOYD GURDEN, 

Authorised Surveyor for the Governments of New South Wales and 

Victoria. 

*,* Published with the Concurrence oj the Surveyors" General for New South 

IVales and Victoria, 

** Those who have experience in exact St7XVBT>work will best know how to appreciate ■ 
the enormous amount of labour represented by this valuable book. Tlie computations- 
enable the user to ascertain Uie rines and cosines for a distance of twelve miles to within >■ 
half an inch, and this by utPSSBMCs to but Onk Tablb, in place ot the usual Fifteen 
minute computations required. This alone is evidence of the assistance whidi the Tables 
ensure to every user, and as every Surveyor in active practice has fdt die want of mtdt 
issistance fbw knowing of thbir publication will rbmain without thbm." 

— Mt^imeer 

lONDON : CHARLES GRIFFIN « CO.. LIMITED, EXETER STREET, STRANDc 



34 0HARLB8 QRIFFIN A 00,'8 PUBLWATIONS. 

WOBKS BY 
ANDREW JAMIESON, MJnst.C.E., M.I.E.E., F.R.S.E., 

Ttcknical College. 



Formurfy Professor of Electrical Enkineering^ The Glasgow and West of Scotland 

ckni 



PB0FE8S0B JAMIESON'S ADVANCED TEXT-BOOKS. 

In Largi Crevm ^vo. FuUy Ulustraied, 

STEAM AND STEAM-ENGINES, INCLUDING TURBINES 

AND BOILERS. For the Use of Students preparing for Competitive 

Examinations. With over 700 pp., over 350 Illustrations, 10 Folding 

Plates, and very numerous Exammation Papers. Fourteenth Edition. 

Revised throughout. los. 6d. 

''Professor Jamieson fascinates the reader by his clkarnbss op concbptigh and 
SIMPLICITY OP EXPRzssiON. His treatment recalls the lecturing of TaxnAscy^-^Athefueum, 
" Tl)e Bbst Book yet published for the use of Students/'— ^Mt^vv^^. 

APPUED MECHANICS & MECHANICAL ENGINEERING. 

Vol. I. — Comprising Part I., with 568 pages, 300 Illustrations, and 
540 Examination Questions : The Principle of Work and its applica- 
lions; Part II.: Friction; Gearing, &c. Fifth Edition. 8s. 6d. 
" Fully maintains the reputation of the Author." — Pract. Engineer, 

' Vol. II. — Comprising Parts III. to VI., with 782 pages, 371 Illus- 
trations, and copious Examination Questions : Motion and Energy; 
Graphic Statics; Strength of Materials; Hydraulics and Hydraulic 
Machinery. Fourth Edition. 12s. 6d. 

•'Wkll and lucidly written."— T'A* Engineer. 

\* Sack of the above volumes is complete in itself and sold separately. 



PBOFESSOB JAMIESON'S INTBODUCTOBT MANUALS 

Crown %vo. With lUusirations and Examination Papers, 

STEAM AND THE STEAM-ENGINE (Elementary 

Manual of). For First- Year Students. Tenth Edition, Revised. 3/6. 

" Should be in the hands of bvbry engineering apjnrentice." — Practical Engineer. 

MAGNETISM AND ELECTBICITT (Elementary Manual 

of). For First- Year Students. Sixth Edition. 3/6. 

" A capital text-book . . . The diagrams are an important feBtare.'*-~Schoolmaster, 
" A thoroughly trustworthy Text-book. Practical and clezr.**—Naiurt, 

APPLIED MECHANICS (Elementary Manual oQ. 

specially arranged for First-Year Students. Sixth Edition, 

Revised and Greatly Enlarged. 3/6. 
" The work has very high qualities, which may be condensed into the one word 
* CLEAR.' ** — Science and Art. 

A POCKET-BOOK Of ELECTRICAL RULES and TABLES. 

For the Use of Electricians and Engineers. By John Munro, C.E., 
and Prof. Jamieson. Pocket Size. Leather, 8s. 6d. Seventeenth 
Edition. [See p. 48. 

LONDON : CHARLES GRIFFIN & G0» LIMITED, EXETER STREET, STRAND. 
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WORKS BY 

W. J. MAGQOORN RANKINE, LL.D, F.R.S., 

IM9 ftegkiB PnfesBor of OMi Engineering In the Unheralty of Qltugow. 

THOBOUGHLT BEVISBD BT 

W. J. MILLAR, O.E., 

ixtte Seeretary to the Institute of Engineers and Shipbuilders In Seotland. 



A MANUAL OF APPLIED MECHANICS : 

Oomprifiing the Principles of Statics and Cinematics, and Theory of 
Stmotnres, Mechanism, and Machines. With Numeroas Diagrams. 
Crown 8vo, cloth. Seventeenth Edition. 12s. 6d. 



A MANUAL OF CIVIL ENGINEERING : 

Oomprising Engineering Surveys, Earthwork, Fonndations, Masonry, Car- 
pentry, Metal Work, Koads, Railways, Canals, Rivers, Waterworks, 
Harbours, &o. With Numerous Tables and Illustrations. Crown 8vo. 
doth. Twenty- Second Edition. 16s. 



A MANUAL OF MACHINERY AND MILLWORK : 

Oomprising the Qeometry, Motions, Work, Strength, Construction, and 
Objects of Machines, &o. Illustrated with nearly 300 Woodcuts, 
Grown 8vo, cloth. Seventh Edition. 128. 6d. 



A MANUAL OF THE STEAM-ENGINE AND OTHER 

PRIME MOVERS : 

With a Section on Gas, Oil, and Aib Engines, by Bbyan Donkin, 
M.Inst. C.E. With Folding Plates and Numerous Illustrations. 
Crown 8vo, cloth. Sixteenth Edition. 12s. 6d. 

tONDON: GHMIES GRtFfIN A CO., LIMITED. EXETER STREET, STRANG 
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Pbof. Rankinb's Vfouta^CatUimiid), 

USEFUL RULES AND TABLES : 

for Arohiteote, Builders, Engineen, Founders, Meohaaios, Shipbailder»» 
Surreyors, ko. With Appindiz for the use of Elkotkioal Enoinbbba, 
By Professor jAMnsoN, F.R.S.E. Sivbnth Edition. lOs. 6d. 



A MECHANICAL TEXT-BOOK : 

A Prsotioftl and Simple Introduction to the Study of Meohanios. By 
Professor Rankinb and E. F. Bambeb, C.E. With Numerous lUns- 
trations. Grown 8vo, oloth. Fifth Edition. 9b. 

^•* tlu " MsaHAHioAL Tkzt-Book " wu detimud bp ProfeMor S4noni m on Imiwh 
•OonoH to iht «AoM SeriM of M«muaU, 



MISCELLANEOUS SCIENTIFIC PAPERS. 

Royal 8vo. Cloth, Sis. 6d. 

Part I. Papers relating to Temperature, Elasticity, and Ezpanaloii of 
Vapours, Liquids, and Solids. Part II. Papers on Energy and its Traiuh 
formations. Part IIL Papers on Wave-Forms, Propulsion of Vessels, fto. 

With Memoir by Professor Tait, M.A. Edited by W. J. Millab, 0.B» 
With fine Portrait on Steel, Plates, and Diagrams. 

" No more enduring Memorial of Professor Rankine could be devised than the pahlic^ 
Cioii of the«e papers in an accessible form. . . . The Collection is most vafaiiiblar cm 
account of the nature of his discoveries, and the beauty and completeness of his aaa^tfUM^ 
, . . The Volume exceeds in importance any woric m the same department publishie^ 
in our tixait.**^Arckittci. 



SHELTON-BEY (W. Vincent. Foreman to the 

Imperial Ottoman Gun Factories, Constantinople) : 

THE MECHANIC'S GUIDE : A Hand-Book for Engineen and 
Artizans. With Copious Tables and Valuable Recipes for Practical Use. 
Illustrated. Stcpmd Edition, Crown 8to. Cloth, 7/6. 



LONDON : CHARLES GRIFFIN ft CO.. LIWTED, EXETER STREET. STRANa 
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Third Edition, Thoroughly Revised and Enlarged, With 60 Plates and 
Numerous Illustrations. Handsome Cloth, ^4s, 

HYDRAULIC POWER 



AND 



HYDRAULIC MACHINERY. 

BT 

HENRY ROBINSON, M. iNST. C.E, F.G.S., 

FELLOW OF KIMgTs COLLB6B, LONDQN ; PSOF. BMBRITUS OF CIVIL BNGINBBRING, 

king's colukgb, etc., BTC. 

Contents- — Dischai^e through Orifices. — Flow ofWater through Pipes. — ^Accumulators. 
— Presses and Lifts. — Eu>ists. — Rams. — Hydraulic Engines. — Pumping Engines. — Capstans. 
— Traversers. — Jacks. — Weighing Machines. — Riveters and Shop Tools. — Punching, 
Shearing, and Flanging Machines. — Cranes. — Coal Discharging Machines. — Drills and 
Cutters.— 'Pile Drivers, Excavators, &c. — Hydraulic Machinery applied to Bridges^ Dock 
Gates, Wheels and Turbines. — Shields. — Various Systems and Power Installations. — 
Meters, &c.— Index. 

"The standard work on the application of water power.** — CassUrs Magazine, 



Second Edition^ Oreatly Enlarged. With Frontispiece, several 
Plategf and over 260 lUustrcUiona, 21«. net. 

THE PmCIPLES AHD COISTRUCTIOK OF 

PUMPING MACHINERY 

(STEAM AND WATER PRESSURE). 

With Praotioal lUnstratioiiB of Bnoinis and Pumps applied to Mikino^ 

Town Wateb Sxtpflt, I>rainaob of Lands, &o., also Eoonomy 

and Hfficiency Trials of Pumping Machinery. 

bt henry davey, 

Memlior of tbe lBBtttati<» of Oi^ Engimeers, Member of tbe Iiutltatlon of 

Meehuaioal Engineers, F.O.S., Ae. 

Contents — Early Histoiy of Pomping En^es — Steam Pmnping Engines — 
Pomps and Pamp Valves — Greneral Principles of Non-Botative Pmnping 
Engines — ^The Cornish Engine, Simple and Componnd — Types of Mining 
Engines — Pit Work — Shaft Sinking — Hydraulic Transmission of Power in 
Mines — Electric Transmission of Power — Valve Gears of Pumping Engines 
— Water Prebsnre Pumping Engines — Water Works En^es — Pumping 
Engine Economy and Trials of Pumping Machinery — Centrifugal and other 
Low-Lift Pumps — Hydraulic Bams, Pumping Mains, kc — Inbsx. 

**By the *one EngUah Engineer who probably knows more about Pumping Machinery 

than AST OTHBB.* ... A VOLUME SBOOBDIKa THB BBSULTS €9 LOS« BZFBBDBiraS AHD 

siDDT.*'— T»« Bngineer. 

** Undoubtedly THs bsbt abd most fiuctioal tbsatiss on Pumping Machinery that has 
TXT BHHN rumusBED.'^'-Mining Journal. 

UNDON: CHARLES 6RIFFIN ft G0„ LIMITED, EXETER STREET. STRAND 
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tt9ml 890, Mm^aotm OhUu With mimwout IIIustmtionB and ToMbm. 25m. 

THE STABILITY OP SHIPS. 

ST 

SIR EDWARD J. REED, K.C.B., F.R.S., M.P., 

OF TKB IMPBKIAL OKOKftS OW ST. STANIXJiUS Or RUSSIA; FRANCIS JOSBFH OF 
AUtnUA; MBDJIDIB OF TUmXXV; ABTD RISING SUN OF JAPAN; VIG»* 
UDBNT OF TKB INSTITUTION OF NAVAL ARCHITBCTS. 



In oitkr to render the work oanplete for the nuposes of the Shipbuilder, whether at 
home or abroad, the Methods of Catailation introduced by Mr. F. K. Barnbs, Mr. Gkat, 
M. Rbbcm. M. Daymard and Mr. Bbnjamin, are all given separately, illustrated faj 
Tables and woiked-out frvamplf^. The book contains more than aoo Diagram^ and as 
IlliistiatBd by a Uagt number of actual cases, derived from ships of all descriptions. 

" Sir SowARO Rbbd's ' Stabilitv of Ships ' is invaluablb. The Naval Architbct 
win find bcooght togetner and readv to his hand, a mass of infotmation which he would othar> 
wise have to sedc ta an ahnost endless variety of publications, and soaae of which he would 
possibly not be able to obtain at all elsewhere."— A^mmAi^. 



THB BBSIGir AND OOKSTBTTCTION OF SHIPS. By John 
Harvard Biles, M.Inst.N.A., Professor of Naval Architecture in the 
University of Glasgow. [In Pr^aratioH, 



Third Edition. Illustrated with Plates, Numerous Diagrams, and 

Figures in the Text. i8s. net 

STEEL SHIPS; 

THEIB CONSTBUCTION AND MAINTENANCE. 

A ManutU for Shipbuilders, Ship Superintendents, Students, 

and Marine Engineers. 

By THOMAS AVALTON, Naval Architect, 

AUTHOR OP "know YOUR OWN SHIP." 

Contents. — I. Manufacture of Cast Iron, Wrought Iron, and SteeL — Com- 

gosition of Iron and Steel, Quality, Strength, Tests, kc. II. Classification of 
teel Ships. III. Considerations in makii^ choice of Type of VesseL — ^Framins 
of Ships. rV. Strains experienced by Shii)s. — Methods of Computing ana 
Comparing Strengths of Ships. V. Construction of Ships. — ^Alternative Modes 
of Construction. — Types of Vessels. — Turret, Self Trimming, and Trunk 
Steamers, &c. — ^Rivets and Bivetting, Workmanship. VI. Pumping Arrange- 
ments. YII. Maintenance. — Prevention of Deterioration in the Hulla of 
Ships. — Cement, Paint, &c.~Indbx. 

*' So thoroash and weil written is every chapter in the book that It is difflenlt to seleet 
anv of them as being worthy of exoeptional praise. Altogether, the work ie ezoellent, and 
will prove of Rreat vane to those for whom it is intended.**— 7A« Engineer. 
p>~* " Mr. Walton has written for the profession of which he is an ornament His work 
will be read and appreoiated, no donbt, by every M.I.N.A., and with great benefit by the 
majority of them. — /otimaJ otCcmiMrte. 



UNIFORM WITH THE ABOVE, 

THE PRINCIPLES AND PRACTICE OF 

DOCK ENGINEERIN'G. 

By BRYSSON CUNNINGHAM, B.E., MJnst.CE. 

See p. 27. 
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GRIFFIN'S NAUTICAL SERIES. 

Edited bt EDW. BLAOKMORE, 

Master Mariner, First Class Trinity House Certificate, Assoc Inst. N.A. ; 

Ahd Wbitten, hainlt, by Sailobs for Sailobs. 



"Tms ADMmABLB SEKnBa."—Fairplay, "A yeby usbful SEKoa.*'— Nature, 

"The volumes of Mbssbs. Griffin's Nau1!ioal Sbbibs may well and profitably be 
«ead by all interested in our national mabitimb PBOGBBSS."~if ar<n« Bnffineer, 

"Eteby Ship should have the whole Series as a Refebbnoe Libbabt. Hanb- 
•6OMELY BOUND, OLEABLY PBINTED and JMiVBTKATED."— Liverpool Joum. of Commeree. 

The British Mereantile Marine: An Historical Sketch of its Rise 
and Development. By the BDi!roB, Caft. Blaokmobb. Third Edition. 8s. 6d. 
" Captain Blackmore's SPLENDID BOOK . . . contains paragraphs on every point 
■of interest to the Merchant Marine. The 248 pages of this book are the most valu- 
able to the sea captain that have eyeb been compiled."— if^rcAant Service Review. 

Elementary Seamanship. By D. Wilson-Barkbb, Master Mariner, 
F.R.S.E., F.R.G.S. With numerous Plates, two in Colours, and VrontiBplece. 
FouBTH Edition, Thoroughly B«vised. With additional Illustrations. 66. 
"This admirable manual, by Capt. Wilson Babksb, of the ' Worcester,' seems 

iO us PEBFBOTLY DESiaNED."— ^tAenoMtm. 



Know Your Own Ship : A Simple Explanation of the Stabihty, Con- 
struction, Tonnage, and Freeboard of Ships. By Thos. Walton, Naval Architect 
With numerous Illustrations and additional Chapters on Buoyancy, Trim, and 
Calculations. Eighth Edition. 7s. 6d. 
*' Mb. Walton's book will be found very useful."— TA* Engineer. 

Navi&ration : Theoretical and Practical. By D. Wilson-Bakkbb 

and William Allingham. Second Edition, Revised. 88. 6d. 
"PREdSBLY the kind of work required for the New Certificates of competency. 
•Candidates will find it invaluable."— DumZ^ AdveHiser, 

Marine MeteorolO^: For Officers of the Merchant Navy. Bv 
William Allingham, Mrst Class Honours, Navigation, Science and Art Department. 
With Illustrations, Maps, and Diagrams, and JacaimHe reproduction of log page. 
7s. 6d. 
"Quite the best publication on this subject."— SAip^^n^ Gazette, 

Latitude and Longitude : How to find them. By W. J. Millar, 

■CjE. Second Edition, Sevised. 2s. 
'^Cannot but prove an acquisition to those studying Navigation."— lf<»r<n« Bngineeir, 

Practical Mechanics : Applied to the requirements of the Sailor. 
By Thos. Mackenzie, Master Mariner, F.R.A.S. Second Edition, Sevised. 3s. 6d. 
" Wbll wobth the money . . . exceedingly bxl^iul."— Shipping World, 

Trigonometry : For the Young Sailor, &c. By Rich. C. Buck, of the 
Thames Nautical Training College, H.M.S. " Worcester." Third Edition, Revised. 
Price 8s. 6d. 
" This eminently pbactical and reliable volume."— &;Aoo2master. 

Practical Algrebra. By Rich. C. Buck. Companion Volume to the 
above, for Sailors and others. Second Edition, Revised. Price 8s. 6d. 
" It is JUST THE book for the young sailor mindful of progress."— ^at^ttcoZ Magazine, 

The Legal Duties of Shipmasters. By Bbnediot Wm. Giksburo, 

M.A., LL.D., of tiie Inner Temple and Northern Circuit; Barrister-at-Law. SECOND 

Edition, Thoroughly Revised and Enlarged. Price 4s. 6d. 

" Invaluable to masters. . . . We can fully recommend it."— dipping Qazette* 

A Medical and Surgical Help for Shipmasters. lnciudin|r First 

Aid at Sea. By Wm. Johnson Smith, F.R.C.S., Principal Medical Officer, Seamen's 
Hospital, Greenwich. Third Edition, Thoroughly Revised. 6s. 
" Sound, judicious, beally helpfol."- rAe Louneet, 

LONDON: CHARLES GRIFFIN & CO., LIMITED, EXETER STREET, STRAND. 
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GRIFFIN'S NAUTICAL SERIES , 

Introductory Volume, Pries Ss, 6d. 

British Mercantile Marine. 

By EDWARD BLACKMORE, 

MASTBR MAMMBK; ASSOCIATB OF THB WS I ITU T I ON OP HAVAL ARCHITBCTSS 

ICXMBBR OP THB I WSIHUII OK OP BNGINBBltS AND SHIPBUILDERS 

IN SCOTLAND ; BOITOB OP GRIFFIN'S "NAVTICAL SBRIBS." 

OURRAL Coim niTS.— HiBTOBiOAL : From Eariy Times to 148&— Rri^reHi- 
onder Henry VUL—To Death of Maiy— I>aiinff Elizabeth's Reign— Tfp to 
the Beign of William III.— The 18th and 19th Centuries— Institation d 
Ezaminationa — Rise and Progress of Steam Propolsion — Development of' 
Free Trade— Shipping Legislation, 1862 to 1875— " Locksley Hall^ Case— 
BhipmaEiters' Sodeties— Loaiding of Ships — Shipping Legislation, 1884 to lS9i — 
StatiBtios of Shipping. Thi PxBSomniL : Shipowners— Officers— Mariners— 
Dnties and Present Position. Eduoatioit: A Seaman's Education: what it- 
■hoidd be— Present Means of Education— Hints. Disciplins and Duty— 
Poetsoript — ^The Serious Decrease in ttie Number of British Seamen, a Matter 
demanding the Attention of the Nation. 

^ iHTBBasnHe and IvsiBUonYB . . . may be read with PBom and BMonaBT.**- 
tftaMDw JSbroM. 

'^KvBBr BRANOH of the mibjeot !■ dealt with in a way which shows that the writer- 
* knows the ropes* familiarly.**— <8eo(«iiafi. 

'*ThiB ADMXBABLB book . . . TBBin with asefnl information— 8hoald be in the* 
bands of every Bailor.**— ITMfem Morning If em. 



Fourth Edition, Thoroughly Revised. With Additional 

Ilkbstrations. Price 68, 



ELEMENTARY SEAMANSHIP. 

BT 

D, WILSON-BARKER, Mastsb Marinxb; F.R.S.E., F.R.G.S.,fto.,&o» 

TOUHOIR BBOTHXB OV THI SBINITT HOUBl. 

With FromtiBpiece, Numerous Plates (Two in Colours), and Hloatratioiia 

in the Text. 

General Contkmtb.— The Building of a Ship; Parts of Hull, MastSb 
ftc.— Ropes, Knots, Splicing, fte. — Gear, Lead and Log, &c. — Rkging,. 
Anchors — Sailmakmg— The Sails, &c.— Handling of Boats under Sail — 
Signals and Signallii^— Rule of t^ Road— Keeping and Relieving Watoh — 
PSnts of Etiquette— Glossary of Sea Terms and PhraiBes— Index. 

*** The volune contains the raw bd£bs of tbb boad. 

** This ADiOBABU MAVUAL. by Oaft. Wilsov-Babkbb of the *' Woroester/ seems to ns- 
pBBfBOTLT DB8IOHXD, and holds its place exoellentlT in * Ghmrar's Nautical SBRoa' . . . 
Although intended for those who are to become Officen of the Merchant Navy, it will be- 
fonnd nsefnl by all taohtbmbp.**— ^M«MMim. 

\* For complete List of G«iniH*fl Naotigal Sbbbs, see p. 89. 

LONDON : CHARLES GRIFFIN ft CO., LIMITED, EXETER STREET, STRAND. 
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GRIFFIN'S NAUTICAL SERIES. 

Sbcond Edition, Revised cmd Illustrated, Price 3%, 6d, 

USTAViaATIOISr: 



By DAYID WILSON-BARKER, R.N.R., F.R.S.E., &a, &c.. 

AND 

WILLIAM ALLINGHAM, 

intST-OLASS HONOITBS, NAYIGAIION, 80IBNCIB AND AKT DBPABTMBKT. 

tmitb fiumetou6 5Uu6ttationd an6 jEsamfnation <llue6tfond» 

General Contents.— DefinitionB — Latitude and Longitude — Instnuuenti 

ol Navigation — Correction of Courses — Plane Sailing — Traverse Sailing — "Dvfn 

Work — Paralld Sailing — Middle Latitude Samng — Mercator*8 Chart— 

Meroator Sailhig^Current Sailing-— Position by Bearings— Great Circle Sailing 

—Tht Tides— Questions— Appendix: Compass Error— Numerous Useful Hints. 

Ac — Index. 

" PBXOiasLT tbe kind of work required for the New Certificates of oompetency in grades 
Ikmn Second ACate to extra Haater. . . . Candidates will find it invaluaqub.*'— .dtuMlM 

" A CAPITAL UTTLB BOOK . . . Bpeolally adapted to the New Bxaminatioiui. The 
Authors are Oaft. Wilboh-Babxbb (Captain-Superintendent of tiie Nantioal OoUege, H.M.& 
* Worcester/ who has had great experienoe in the highest problems of Navigation), and 
Mb. AixmoHAic, a well-known writer on the Science of Navigation and Nautical Astronomy.** 
Shipping World. 



Handsome Cloth. FuUy JlluBtrcUed, Price 78. 6d, 

MARINE METEOROLOGY, 

flOB OFFICERS OF THE MERCHANT HAVT. 
By WILLIAM ALLINGHAM, 

Joint Anthor of <* Navigation, Theoretical and Practical." 

With nnmerons Plaices, Maps, Diagrams, and Illustrations, and a faosimito 
Reproduction of a Page from an actual Meteorological Log-Book. 

SX7M1CABY OF CONTENTS. 

iNTRODncTORT.— Instruments Used at Sea for Meteorological Pnrposes.— ^Meteoro- 
itogical Log-Books.— Atmospheric Pressure.— Air Temperatures.— Sea Temperatures.— 
*17lmids.— Wind force Scales.— History of the Law of Storms.— Hurricanes, Seasons, and 
■Storm Tracks.— Solution of the Cyclone Problem.— Ocean Currents.— Icebergs.— Syn- 
ohronous Charts.— Dew, Mists, Fogs, and Haze.— Clouds.- Rain, Snow, and Hail.— 
Mirage, Sainbows, Coronas, Halos, ana Meteors.— Lightning, Corposants, and Auroras.— 
OuasnoHS.- Appendix.- INDBX. 

' Quite the bist publication, and certainly the most iimBBSViKe, on this sutjeot ever 
ipresented to Nautical jamk."— Shipping Oaaette, 



• • 



For Complete list of Gbiffin's Nautioal Sebibs, see p. 39. 
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OBIFFIirS NAUTICAL SERIES. 

Sboond Edition, Revised. With Kamerons IllastratioDS. Price Ss. 6d. 

Practical Mechanics: 

Applied to the Bequirements of the Sailor. 

By THOS. MACKENZIE, 

GwfflRATi GoVTKMTS. — Kesolution and Composition of Porces — ^Work don* 

5r Machines and Living Agents — The Mechanical Powers: The Lever ^ 
erricks as Bent Levers — The Wheel and Axle : Windlass ; Ship's Capstan ;, 
Grab Winch— Tackles : the **01d Man''— The Inclined Phuie; the Screw— 
The Centre of Gravity of a Ship and Cargo — Kelative Strength of Rope : 
Steel Wire, Manilla^ ^®i^.> C!oir — ^Derricks and Shears— Calculation of the> 
CrooB-breaking Strain of Fir Spar— Centre of E£fort of Sails — Hydrostatics: 
ttie Diving'bell ; Stability of Floating Bodies ; the Ship's Pnmp. &c. 
'* This ixosllknt book . . . contains a labqb amount ox information."' 

*' Well wobth the money . . . will be fonnd bxoeedinolt hblptul." — 
Shipvinff World, 

''No Ships' Oftioebs' bookcase will henceforth be complete withoat 
Oaptain Mackbkzib's * Pbaotioal Mechahios. ' Notwithstanding my many 
years' experience at sea, it has told me haw much more there it to ctcquire,"-^ 
(Letter to the Pablishers from a Master Mariner). 

" I mnst express my thanks to you for the labour and care you have take» 
in • PRAoncA Mbohanios.' . . . It is a life's expebiencb. . . 
What an amount we frequently see wasted by rigging purchases without reasoo 
and accidents to spars, &c., &c. ! 'Practical Mechanics' would savb all^ 
this." — (Letter to the Author from another Master Mariner). 



WORKS BY RICHARD G. BUCK, 

ofttw ThuuM NtnUcal Tntnlng OoUege, H.H.S. ' Worowtw.' 

A Manual of Trigonometry: 

with Diagrams, Examples, and Exereises. Price 8s. 6d. 

Third Edition, Eevised and Corrected. 

*«* Mr. Buck's Text-Book has been specially prepared with a view» 
fee the New Examinations of the Board of Trade, in which Trigonometry 

Is an obligatory subject. 

"Thla sioNxirrLT FRAcnoiL and sxliablb TOLxna-^'^Schoolmcuter. 

A Manual of Algebra. 

Designed to meet the Requirements of Sailors and others. 
Second Edition, . Revised. Price 3s. 6d. 

%* These elementary works on algxbka and TsxooNomBTRT are written specially f09 
those who will have little opportunity of oonsoltlng a Teacher. They are books for ^*SBV> 
BSLP." All but the simplest explanations have, therefore, been avoided, and Airawnts (a 
fhe Exercises are given. Any person may readily, by caref ol study, become master of fheL* 
eontents, and thus lay the foundation for a further mathematical oonrse, if desired. It i» 
koped that to the younger OfBoers of our Mercantile liiarine they will be found decidedly 
serviceable. The Examples and Exercises are taken from the Examination Papers set for 
the Oadets of the " Worcester.*' 

" Olearly unranged, and well got up. . . A first-rate Elementary Algebra. — 
Nautical Magazint. 

^ *»*For complete List of Qkivfih's Nadtioal Smobs. see p. Z9. 

LONDON : CHARLES GRIFFIN & CO., LIMITED, EXETER STREET, STRAND.. 



NAUTIOAIf WORKS. 43 



GRIFFIN'S NAUTICAL SERIES. 

Second Edition, llioronghly Revised and Extended. In Crown 8vo. 

Handsome Cloth. Price 4s. 6d. 

THE LEGAL DUTIES OF SMHASTERS. 

BY 

BENEDICT WM. GINSBURG, M.A., LL.D. (Oantar), 

Of the Inner Temple and Northern Cironlt; Barrister-st-Law. 

Goneral Contents.— The Qualification for the Position of Shipmaster— The Con- 
tract with the Shipowner— The Master's Duty in respect of the Crew : Engagement : 
Aproentices; Discipline ; Provisions, Accommodation, and Medical Comforts ; Payment 
of wages and Discharge— The Master's Du^ in respect of the Passengers— The Master's 
nnancial Kesponsibilities- The Master's Duty in respect of the Cargo— The Master's 
Dnty in Case of Casualty— The Master's Duty to certain Public Authorities— The 
Master's Duty in relation to Pilots, Signals, Flass, and Light Dues— The Master's Dntj 
upon Arrival at the Port of Discharge — Appendices relative to certain Legal Matters : 
Board of Trade Certificates, Dietary Scales, Stowage of Grain Ca]^;oes, Load Line BeguU- 
tlons, Life-saving Appliances, Carnage of Cattle at Sea, Ac., dtc.— Copious Index. 

** No Intelligent Master should fiUl to add this to his Ust of necessary books. A few Ubm 
of it may savb a lawteb's fbb, bbsidxs aNDUiss irova.*'— Liverpool Journal of Oom/mtrtt* 

" Skhsxblx, plainly written, hi olbab and non-tbohnioal languaob, and will be found of 
MUOH SBVICB by the Shipmaster.**— Brif««/i Trada Review. 



Second Edition, Revised. With Diagrams. Price 28. 

Latitude and Longitude: 

ISo^iiir to Fiii&cl theioA. 

By W. J. MILLAR, C.E., 

Late Secretary to the Inst, of Engineers and Shipbuilders in Scotland. 

" CONOissLY and olsablt wbttten . . . cannot but prove an acgnisition 
to those studying Navigation.** — Marine Engineer. 

" Toung Seamen will find it handt and uskfitl, simple and oioab.**— rA« 
BnQimeeTm 

FIRST AID AT SEA. 

Thebd Edition, Revised. With Coloured Plates and Numerous Illxuitra- 

tions, and comprising the latest Regulations Respecting the Carriage 

of Medical Stores on Board Ship. Price 6s. 

A HEDIGAL AND SURGICAL HELP 

FOR SHIPMASTERS AND OFFICERS 
IN THE MERCHANT NAVY. 

BT 

WM. JOHNSON SMITH, F.I1.0.S., 

Principal Medical Officer, Seamen's Hospital, Greenwich. 

%* The attentioii of all interested in our Merchant Na^y is requested to this exceedingly 
■sefnl and valuable work. It is needless to say that it is the outcome of many years 
PBAonoAL nxFEHnnCB amongst Seamen. 

** Soum>, JUDidons, bxallt hxijtul."— 2!^ Lancet. 

*^»* For Complete List of Qbitfin's Nautical Sbbibs, see p. 39. 
.LONDON: CHARLES GRIFFIN ft CO., LIMITED, EXETER STREET, STRAND, 



44 OHARLXa GRIFFIN d, OO.'S PUBUCATI0N8. 

OBirmra nautical series. 

Eighth Edition. BevUed, toith OhapUra on TVim, Buojfa$icif^ and Calcula- 
tions, NumerouB lUn&inUioM, Handsome Cloth, Crown 8vo. Price 78. 6d, 

KNOW YOUR OWN SHIP. 

By THOMAS WALTON, Naval Architkct. 

Specially arranged to suit the requirements of Ships' Officers, Shipowners 
Superintendents, Draughtsmen, Engineers, and Others, 

ThiB work acplaiDB, in a simple manner, audi important subjects as :— Displacement. 
—Deadweight.— Tonnage.— Freeboard.- Moments.- Buoyancy.— Strain.— Structure.- 
8tability.—Bolling.—Balla8ting.— Loading.— Shifting Cargoes.— Admission of Water.— 
Sail Area.— Ac. 

"The little boc^ will be found xxcxxdinglt hahdt by most officers and officials connected 
with shipping. . . . Hr. Walton's work will obtain lastiko sucgbss, because of its unique 
fitness for those for whom it luus been written."— iSMi^pincr World. 



BY THB SAMB AUTHOR 

Steel SMps: Tbeir Gonstrnction ed Maintenance. 

(Bee page 38.) 

Fifteenth Edition, 71u>roughly Revised, OreaUy ErUarged, and Beset 
Throughout. Large Svo, Cloth, pp. i-xziv+708. With 280 Jllustra- 
tions, reduced from Working Drawings, and 8 Plates. 21s. net, 

ANUAL OF 



MARINE ENGINEERING: 

COMPRISING THE DESIGNING, CONSTRUCTION, AND 
WORKING OF MARINE MACHINERT. 

By A.E. SEATON, MJ.C.E., M.LMe6h.E., H.I.N.A. 

General Contents. — Part I.— Principles of Marine Propulsion. 
Pabt II. — Principles of Steam En^eenng. Pabt III. — Details of 
Marine Engines : Design and Calculations for Cylinders, Pistons, Valves^ 
Expansion Valves, &c. Pabt IV. — Propellers. Pabt V. — Boilers. 
Pabt VI. — Miscellaneous. 

"The Student, Draughtsman, and Engineer will find this work the moct yaluablk 
Handbook of Reference on the Marine Engine now in existence."— JforlM Emgi^ 



Eighth Edition, Thoroughly Revised. Pocket-Sise, Leather. 8s. 6d. 

A POOSET-BOOE OF 

MARINE ENGINEERING RULES AND TABLES, 

TOB THE USB OF 

Marine Engineers, Naval Architeets, Desifimers, DFanghtsmeni 

Saperintendents and Otners. 

By A. R SEAT ON, M.I.O.E., M.I.Mech.E., M.I.N.A., 

AND 

H. M. ROUNTHWAITB, M.LMech.E., M.LN.A. 

'Admirably fulfils its purpose."— ilf«rm# Engituer. 



<( 



tONOON: CHARLES aRIFFIN « CO., UMITED. EXETER STREET, STRAND. 



ENGINEBRINQ AND MEOHAHIOS. 45 

WORKS BT PROF. ROBERT H. SMITH, Assoe.M.LaE., 

M.LM.K., HLJaS., M.LMI1UB., Whit Soh., HOrtLMeiji 



THE CALCULUS FOR ENGINEERS 

AND PHYSICISTS, 
Applied to Teehnieal Problems. 

WITH ixTBirenrB 
OIiASSIFIED BEFEBENCB LIST OF INTEGBAIiS. 

By PROF. ROBERT H. SMITH. 

ASSISTED BT 

R. F. MXJIRHEAD, M.A., B.Sa, 

Formerly Olark Fellow of OUuigow UnlTenity, and Lecturer on Mathematica at 

Haaon College. 

In Crown 8vo, extra, with Diagrams and Folding-Plate. 8b. 6d. 

'* PKor. R. H. Smith's book will ba lenrleeable in rendering a hard road as bast as pbactic 
JLVUL for the non-mathematieal Student and Bnginaer."— ^Mmmbimm. 

** Interesting diagrams, with practical UlnstrationB of actual occurrence, are to be found here 
In abundance. Thb tbkt complbvb classi run Bsrauvcx tablb will proye very useftil In 
saying the time of those who want an int^rral in a hurry."— The EngiiMer, 



EASUREMENT CONVERSIONS 

(English and French) : 

28 GRAPHIC TABLES OB DIAGRAMS. 

Showing at a glance the Mutual Cokybbsion of Mbasubbmbntb 

in Difvbbbnt Ukits 

Of LengtliB, AxMui, Ydumet, Weights, Stresses, Densities, Quantities 
of Work, Horse Powers, Temperatures, Ao. 

Fw th€ use of Snglneon, Sunoyora, AmMUeU, and Coutraotoro, 

fn 4to, Boards, 78, 6d, 



\* Prof.. Smith's GomnsBsiON-TABLBS form the most uniqne and 00m- 
prehenBiye oolleotion ever placed before the profession. By their use much 
time and labour will be saved, and tiie chances of error in calcnlation 
diminished. It is believed that henceforth no Engineer's Office will be 
considered complete without them. 

" The work is unrAUJABLB."— OoUmtv OnorcUcm. 

" Oo^t to be in bybrt office where even occasional conyerslons are required. . . . Prod 
Smish's tablbs form yery izcBUJura <;hiox8 on results."— jnestricol lUvisw. 

'* Prof. Smith deseryes the hearty thanks, not only of the Bvoinbbb. but of the Oommbboiai 
Womu»^ for haying smoothed the way for the apopvioh of the Manic Btstbm of Mbasubbiob** 
a suhieet which is now sssoming great importance aa a betor in maintaining our mold npon 
tOBna* fmApa"— 3^ MaeMmnf Market. 



LONDON: CHARLES QRIFFIN A CO., LIMITED. EXETER STREET, STRAND. 



46 0HARLB8 GRIFFIN A OO.'S PUBLI0ATI0N8. 

Ssoom) Edition. In Large 8to. Handsome Cloth. 16s. 

CHEMISTRY FOR ENGINEERS. 

BERTRAM BLOUNT, aud A. G. BIiOXAM, 

r^ .X, ''hP'* F-Cfl- A.LO.E., F.LO.. F.O.B., 
Oonmutlng Oh«iiiiiftt to the Grown Afenta for Oontoltiiig Ob«miat, Head of the Chemistrr 
the OoloQieiL DepartmeDt, Qoldgmlths' Inst., 
New OroM. 

OBHBBAL 001ITBVT8.~Iatrodiiotlon— Chemistry of the Chief Material* 
of OoBstmetiOB— Sonrees of Bnergy— Chemlitry of Steam-raiiidng— Chemis- 
try of Lnhrioation and Labrioants— Metalliugical Processes used in the 
Winning and Mannfkotnre of Metals. 

"Th« Mfbort hare ■uogbsdeo beyond all ezpeetatioiii, and have prodooed a work whldi 
•bonld slTe FBB8H powu to the Engineer and Mannftotnrer."— 7^ Timu. 

"PmAcncAi. VHBODOHOirt ... an admikabli nxf-BOOK, naeftd not only to Stndenta* 
Mt to BaoiraiBS and Mahaobu or woaKS in paiTiiiTiiro wasti and impboviito pbocbbsbb." — 



For Oompanion Volume by the same Authors, see '' Chemibtat 
FOR Manufactubebs," p. 71 GenercU Catalogue. 

Pocket Size, Leather Limp, with Gilt Edges and Bounded Comers, printed on Special 
Thin Paper, with lUustrations, pp. i-xii + 834. Price 188. net. 

(THE NEW " NYSTROM ") 

THE MECHANICAL ENCINEER'8 REFERENCE BOOK 

A Handbook of Tables, Formvlas and Methods for Engineers, 

Stvdtmts and Draughtsmen, 

By henry HARRISON SXJPLEE, B.Sc, M.E. 

Tables, Formnlaa, and Beference Data for Mechanical Engineers, comprising machine- 
deaign and information relating to the drawing olBoe and Uie designing department ^ 
ntended as a •oooessor to the well-known Pooket-Book written many years ago by the 
late JoHK W. Nystbom.— Pttft/u^^f' yote. 



Works by WALTER R. BROWNE, M.A., M.lNST.G.E., 

Late Fellow of Trinity Collie, Cambridge. 

THE STUDENT'S MECHANICS 
An Introdaetion to the Stady of Foree and Motion* 

With Diagrams. Crown 8vo. Cloth, 4s. 6d. 



««i 



dear in style and practical in method, 'Tm Studbht's Mbchanics' is cocdially to be- 
reoonmiended from all pointt xdynxsn,**—Aikti$mtm, 



FOUNDATIONS OF MECHANICS. 

Papers reprinted from the Enginter. In Crown 8to, is. 
Demy 8vq, with Numerous liiustFations, 98. 

FUEL AND WATER: 

A Manual for Users of Steam and Water. 

By Prof. FRANZ SCHWACKH/JFER of Vienna, and 

WALTER R. BROWNE, M.A., CE. 

Gbnbsai. Contbnts.— Heat and Combustion— Fuel, Varieties of— Firing Arrange- 
mento: Furnace, Flues, Chimney— The Boiler^ Choice of— Varieties— Feed-w«e» 
Heaters— Steam Pipes— Water : Composition, Purification— Prevention of Scale, &c., &c^ 

" The Section on Heat is one of the best and most lucid ever written.**- £«tf smmt. 

"Cannot fiul to be valuable to thousands using steam power."— Ah^Ain^' Emgimser, 

LONDON: CHARLES GRIFFIN & CO., LIMITED, EXETER STREET, STRAND. 



CHEMISTRY AND TECHNOLOGY. Ar7 

Second Edition, Revised and Enlarged. 
With Tables, Illustrations in the Text, and 37 Lithographic Plates. Medium 

Svo. Handsome Qoth. 30s. 

SEWAGE DISPOSAL WORKS: 

A Guide to the Constpuetion of Works for the Prevention of the 
Pollution by Sewage of Rivers and Estuaries. 

By W. SANTO CRIMP, M.Inst.C.K, F.G.S., 

Late Assistant-Engineer, London County CoandL 

" Probably the most complbtb and rbst trbatisb on the subject whidi has appeared 
in our \acDgyizge.^--EdiHburgk Medical Journal, 



Beauti/idly Illuatratedy with Numerous Plates, Diagrams, and 

Figures in the Text, Sis, net, 

TRADES' WASTE: 

ITS TBEATMENT AND UTILISATION. 
A Handbook for Borough Engineeps, Surveyors, Arehiteets, and Analysts. 

By W. NAYLOR, F.O.S., A.M.Inst.C.E., 

Ohief Inspector of Elvers, Eibble Joint Committee. 

Contests.— I. Introductioiu— II. Chemical Enghieering.— Ill.—Wool De-greasing 
and Grease Eecovery.—IY. Textile Industries; Calico Bleaching and Dyeing.— Y. Dyeing 
and Callco-Printing.— Yl. Tanning and Fellmongery.— YII. Brewery and Distillery 
Waste.— YIII. Paper Mill Befuse.— IX. General Trades' Waste.— Index. 

** There is probably no person in England to-day better fitted to deal rationally witi» 
such a subject." — British Sanitarian. 

** The work is thoroughly practical, and will serve as a handbook in the future for thosr 
who have to encounter the problems diacaaaed.'*— Chemical J^ade Journal. 



Now Ready. In Handsome Cloth. With 59 Illustrations. 6s. net. 



A Manual for the Use of Manufacturers, Inspectors, Medical Officers of 

Health, Engineers, and Others. 

By WILLIAM NICHOLSOK, 

Chief Smoke Inspector to the Sheffield Corporation. 

OONTENTS.— Introduction. — General Legislation against the Smoke Nuisance. — 
Local Legislation.— Foreign Laws,— Smoke Abatement.— Smoke from Boilers, Furnaces,, 
and Kilns. — Private Dwelling-House Smoke. — Chimneys and their Construction. — 
Smoke Preventers and Fuel Savers. — Waste Gases from Metallurgical Furnaces. — 
Summary and Conclusions.— Index. 

"The production of an expert. Should command the attention of all interested in the 
subject." — County and Municipal Record. 



Second Edition. In Medium Svo. Thoroughly Revised and Re-Written. 

15s. net, 

CALCAREOUS CEMENTS: 

THEIR NATURE, PREPARATION, AND USES. 
By gilbert R. REDGRAVE, Assoc. Inst. C.E., 

Assistant Secretary for Technology, Board of Education, South Kensington, 

And CHARLES SPACKMAN, F.C.S. 

" Ihvaluablb to the Student, Architect, and Engineer. "—Atildtot^ Newt. 
" Will be nseful to all interested in the kanufaotvbb, usb, and tbbtino of Oementa."— 
Enginur. 

LONDON : CHARLES GRIFFIN & CO.^ LIMITED, EXETER STREET. STfiAND. 



48 OBABLES QRIFFIN * OO.'S PUBLICATIONS. 

ELECTRICAL ENGINEERING. 

Second Edition, Revised, In Large 8vtf. Handsome Cloth, Profusely 
lUustraUd with Plates^ Diagrams^ and Figures, 24s, net, 

CENTRAL ELECTRICAL STATIONS: 

Their Design, Organisation, and Management. 

By CHAS. H. WORDINGHAM, A.K.C., M.Inst.C.E., M.Inst.Mech.E., 

Late Memb. of Council InstE.E., and Electrical Engineer to the City of Manchester ; 

Electrical Engineer-in-Chief to the Admiralty. 

ABRIDGED CONTENTS. 
^ Introductonr. — Central Station Work as a Profession. — As an Investment. — ^The Estab- 
lishment of a Central Station. — Systems of Supply. — Site. — Architecture. — Plant. — Boilers — 
Systems of Dftught and Waste Heat Economy.— Coal Handling, Weighing, and Storing.— 
Tlie Transmission of Steam. — G«ierators. — Condensing Appliances. — Switching Gea: 
Instruments, and Connections. — Distributing Mains. — Insulation, Resistance, and Cost — 
Distributing Networks- — Service Mains smd Feeders. — Testiiog Mains. — Meters and 
Appliances. — Standardising and Testing Labcnratory. — Secondanr Batteries. — Street Light- 
inic. — Cost — General Organisation — Mains Department — Installation Department. — 
Standardising Department. — Drawing Office. —Clerical Department — The Consumer. — 
Routine and Main Xaying. — Indbx. 

" One of the most valuable contkibutions to Central Station literature we have had 
/or some diae,**—JSlectricity. 



In Large Svo. Handsome Cloth. Profusely Illustrated. 12s. 6d. ne . 

ELECTRICITY CONTROL. 

A Treatise on Eleetrie Swltehffeap and Systems of Electrie Transmission. 

By LEONARD ANDREWS, 

Associate Membei of the Institution of Civil Engineers, Member of the Institution of 

Electrical Engineers, &c 

General Principles of Switchgear Design. —Constructional Details.— Circuit Breakers or 
Arc Interrupting Devices. — Automatically Operated Circuit- Breakers. — Alternating Reverse 
Current Devices. — Arrangement of 'Bus Bars, and Apparatus for Parallel Running.-* 
General Arrangement of Controlling Apparatus for High Tension Systems. — General 
Arrangement of Controlling Apparatus for Low Tension Sirstems. — Examples of Complete 
Installations.— Long Distance Transmission Schemes. 

" Not often does the specialist have presented to him so satisfactory a book as this. . . . 
We recommend it without hesitation to Central Station Engineers, and, in fact, to anyone 
interested in the subject." — Potuer, 



Sbventbbnth Edition, Thoroughly Revised and Enlarged. Ss. 6d. 

A POCKET-BOOK 

OF 

ELECTRICAL RULES & TABLES 

FOR THE USE OF ELECTRICIANS AND ENGINEERS. 

fiy JOHN MUNRO, C.E.» & Prof. JAMIESON, M.lNST.aE., F.R.S.B. 
With Numerous Diagrams. Pocket Size. Leather, Ss. 6d. 

GENERAL O O N T E N T 8. 

Units of Measurement — Measures. — Testmg. — Conductors. — Dielectrics. — Submarine 
•Cables.— Telegraphy.— Electro>Chemistry.—£lectro-Metallurgy.—Batteries.~Dynamos and 
Motors. — Transformers. — Electric Lighting. — Miscellaneous. — Logarithms. — ^Appendices. 

*' WoNDBXFULLv Pbkfbct. . . . Wocthy of the highest rommimdatwin we can 
«iv« 'ULJ'—EUcMciatt, 

"The Stbruho Valub of Messrs. Munso and jAMnsoM't Poaur-BooK.**- 
EUcirietd lUvuw. 



LONDON : CHARLES GRIFFIN ft CO., LIMITED, EXETER STREET. STRAND. 



ELECTRICAL ENQINEERINO. 49 

At Press. In Handsome Cloth. Profusely Illustrated. 

WIRELESS TELEGRAPHY. 

BY 

Dr. GUSTAVE EICHHORN. 

Contents. — Oscillations. — Closed Oscillation Systems. — Open Oscillation< 
Systems.— Coupled Systems. — The Coupling Compensating the Aerial Wire. — 
The Receiver. — Comparative Measurement m the Sender. — Theoretical Results 
and Calculations in respect of Sender and Receiver. — Closely-Coupled Sender 
and Receiver. — Loose-Coupled Sender and Receiver. — Principal Formulae. — 
The Ondameter. — Working a Wireless Telegraph Station. — Modem Apparatus 
and Methods of Working. — Conclusion. — Bibliography. — Index. 



At Press. In Large 8vo, Handsome Cloth. Very Fully Illustrated. 

ELECTRICITY METERS. 

BY 

HENRY G. SOLOMON, A.M.I.E.E. 

Contents. — Introductory. — General Principles of Continuous - Current ^ 
Meters. — Continuous-Current Quantity Meters.— Continuous-Energy Motor 
Meters. — Different Types. — Special Purposes, i.e., Battery Meters, Switchboard 
Meters, Tramcar Meters. — General Principles of Single- and Polyphase Induc- 
tion Meters.— Single -phase Induction Meters. — Polyphase Meters. — Tariff 
Systems. — ^Prepayment Meters. — Tariff and Hour Meters.— Some Mechanicali 
Features in Meter Design. — Testing Meters. — Index. 



ELECTRIC SMELTING AND REFINING, 

By Dr. W. BORCHERS and W. G. McMILLAN. 
Second Edition, Revised and Enlarged. 21s. net. 



ELECTRO-METALLURGY, A Treatise on. 

By WALTER G. McMILLAN, F.LC, F.C.S. 
Second Edition, Revised and in Part Re- Written. 10s. 6d. 



ELECTRICAL PRACTICE IN COLLIERIES, 

By D. burns, M.E., M.Inst.M.E. 
(See page 58 General Catalogge.) 



GRIFFIN'S ELECTRICAL PRICE^BOOK. 

Edited by H. J. DOWSING. 
(See page 31.). 



LONDOH: CHARLES GRIFFIN ft CO.. IIMITED, EXETER STREET, STRAND; 



50 CHARLES GRIFFIN A CO. '8 P UBLICA TION8. 

Third Edition, Revised, Enlarged, and Re-issaed. Price 6s. net. 

A SHORT MAinJAL OF 

INORGANIC CHEMISTRY 

BY 

A. DUPRE, Ph.D., F.R.S., 

AND 

WILSON HAKE, Ph.D., F.I.O., F.C.S., 

Of the Westminster Hospital Medical School 



«« 



' A well-writtea, dear and aocmate Elementary Manual of Inoisanic Oiemistry. . . . 
We agree heartily with the system adopted by Drs. Dupr^ and Hake. Will mau Expbxi- 
MBirTAL Work tkbbly intsrbsting bbcausb mTmi.viGiBLM."—Saturda^ Rtvuw. 

'"Diere is no question that, given the pbrpbct grounding of the Student in his Saence, 
the remainder comes afterwards to him in a manner much more simple and easily aoquired. 

Hie W«4e IS KH BXAMPLB OP THB ADVANTAGBS OP THB SYSTEMATIC TrbATMBNT of a 

Sdenoe orer the fragmentaij style so generally followed. Bv a long way thb brst of the 
^small Manuak for Students.^— ^Ma/i^f^. 



fLABORATOBT HANDBOOKS BT A. HUMBOLDT SEXTON, 

Profeaaor of Metallurgy in the Qlasgow and West of Scotland Teohnieal College. 



.OUTLINES OF QUANTITATIVE ANALYSIS. 

FOR THB USB OF STUDENTS. 

With lUnBtrationa. Fourth Edition. Crown 8vo, Cloth, 3b. 

" A ooifPAOT LABOBATOBT GUiDB for beginners was wanted, and the want has 
been wbll suppusd. ... A good and nsefnl book." — Lwioel, 



OUTLINES OF QUALITATIVE ANALYSIS. 

FOR THB USB OF STUDENTS. 

With niustrations. Fourth Edition, Revised. Crown 8vo, Cloth, Ss. 6d. 

'* The work of a thoronghly practical chemist '^—.SrttisA Medical Journal, 
Gtanpiled with great care, and will supply a want**— «/ot*ma^ of EducatiotL 



u 



ELEHENTART METALLURGY: 

Inolnding the Anthor's Practioal Laboratory Course. With many 

Illustrations. [See p. 66 General Catalogue, 

Thibd Edition, Revised. Crown 8vo. Cloth, Gs. 

•< Just the kind of work for students oommendng the stndy of metaUnrgy."— 
PraeUeal Engineer, 

. V ■ I ^» W^ — ■ ■ ■- II— I I I ■■ ■ ■ I ■ M^^M^^M^— ■— II I ^^^m^^m^m^^^^^a^m^^m i ^ ■■■■-■■ ■ ■ ^ ■ ■!■■■■■■■■ ■ 
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CHEMISTRY AND TEOHNOLOOT. 



51 



Griffin's Ghemloai and Toohnologioal Publications. 



InoFganie Chemistry, 
Quantitative Analysis, . 
•Qualitative ,, 

Chemistry for Engineers, 

„ „ Manufacturers, 
Foods, Analysis of, . 
Poisons, Detection of, 
Tables for Chemists, 
Dairy Chemistry, 
Dairy Analysis, . 

Milk 

Flesh Foods, 
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